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PREFACE  TO  THE  EIGHTH  EDITION. 

The  Eighth  Edition  is  the  result  of  an  increased 
<]em«)d  for  this  work,  involving  tlw  »ccc«tily  for 
a  reprint  at  uu  earlier  period  after  the  publictitioti  of 
the  Sovunth  Edition  than  was  anticipated.  The  oppor- 
tunity has  been  seized  for  making  corrections  and  addi- 
tions where  they  iippeare<l  to  be  most  needed  ;  but  the 
present  Lssuu  must  bu  regarded  as,  in  great  pari,  n 
reprint  of  tlie  Edition  of  1»69. 
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CHAPTER  I. 

TBB   OZXBSAI.   AKD    ItlKTIXCTITK    CUAXACTCBS   OF 


IIvMAN  PiiTMotftOT  i«  the  Acience  which  tre«ta  of  the 
'life  of  nuia — of  Ihn  vny  in  wliioh  hit  liviHi,  onil  moviw,  uid 
has  bia  being.     It  teaches  how  man  ia  begotten  aai  bom ; 

■   how  ho  ottiuQH  inattiritf;  anil  liuw  h«  di^ii. 
Having,  tlien,  miin  lui  thn  ohjuc-t  of  its  oludy,  it  in  ua- 
neoeaoaiy  to  Bpeftk  here  of  the  laws  of  life  in  generftl,  nnd 

»tho  ni«Bna  by  which  they  are  tamed  out,  further  than  ia 
requisito  for  tho  mom  cli-ur  un<I<:ntatiding  of  ihoHu  of  the 
life  of  mnn  in  pAtticiilnr.  Vet  it  would  bo  impoHiblo  to 
understand  rightly  the  working  of  a  complex  machine 
without  noma  knotvlcdgo  of  ita  motive  power  in  tlie  aiiu- 
|)le5t  form ;  and  it  mny  bit  well  to  s««  first  what  nro  the 
M-Gotled  es»enlialA  of  life — those,  namely,  which  are  niaui- 
fWed  by  all  liriu^  beinga  nlike,  by  tlie  loweet  vegvttibia 
tad  the  highest  animal,  before  proceeding  to  tho  constde- 
ratioa  of  the  structure  and  enduwmeatit  of  the  organs  and 
ti«a«s  belonging  to  man. 

The  esKtntials  of  life  are  these, — birth,  growth  and 
develoi>meQt,  decline  and  deatli — and  an  idau  of  wlmt  Hfo 
H|ia,  will  bo  beat  giiiiiod  by  sketching  thoso  cvonts,  each 
in  Bucceasion.  and  tho ir  relations  one  to  another. 

Tho  tt^rm,  birlli,  when  employed  in  tliix  geni'Titl  senao 
of  one  of  the  ooodiiiona  e^eiilial  to  life,  wilhoul  reSftrenrae  W 


OROwrn, 


taj  partinilar  kind  of  living  lieing.  tntiy  1h>  taken  to  mean, 
KpBratioQ  from  n  pnivnl,  trilh  a  greiitor  ur  lc-»s  jiowvr  of 
independent  exisleoM  ae  a  living  bein);. 

Takeit  tbtu,  the  term,  although  u»t  di'liuing  any  i>arti- 
culor  utagn  in  dovclopment,  eorves  veil  onough  fur  tho 
expres&ion  of  the  &ct,  to  wliick  no  «zcc])tioa  haa  yet 
l>coo  proved  to  exist,  thut  tho  onpadty  for  lif«  in  all  living 
beings  is  got  by  inheritanM. 

Growth,  or  Ui}ibr<iut  powttr  of  intrnuMng  lu  sixo,  although 
^■liaential  to  our  idi-A  of  lifo,  i<t  not  n  proporty  of  living 
IwJDge  only.  A  cryBtol  of  eugax  or  of  common  salt,  or  of 
ROy  other  aubiiliuice,  if  pti^l•^^d  tuidfir  uppropriate  conditions 
for  uUainiog  fresh  material,  trill  grow  in  n  fiishion  as 
definitely  cliiirtiutorislici  and  um  iMuiily  to  }>o  fon^tidd  a»  that 
(if  0  living  creature.  It  is,  therefore,  necessary  to  oKplain 
the  distinctions  whicli  exist  in  this  retipect  between  living 
nud  lifeless  structures ;  for  the  mumier  of  gron'tli  in  the  two 
cases  i»  widely  different. 

Fimt,  Llio  grun-lh  of  a  crystal,  lo  use  the  same  example 
a»  Iwforo,  takes  plnco  merely  by  additions  to  its  outside ; 
tho  new  matter  is  laid  on  particle  by  particle,  and  layer  by 
luyor,  and,  when  onco  liiid  ou,  it  rt-niainit  luicliangi^.  The 
growth  is  hei«  said  to  be  tuperficM.  In  a  living  etructuiv, 
on  tho  <ith(!r  liiinil,  as,  for  exanipht,  u  brain  or  a  uitiscle, 
where  growth  occurs,  it  is  by  addition  of  new  matter,  not 
to  tho  surfttco  «mly,  but  througliout  wory  part  of  Uie  ma»s ; 
the  growth  is  not  snjierlicia],  but  inlfntituil.  In  die  second 
place,  all  living  structures  are  eubjoct  to  conelaut  decay; 
imd  lifo  conriets,  not  as  once  suppoeod,  in  tho  power  of  pre- 
venting this  never-ceasing  decay,  but  rather  in  making  up 
for  the  loss  ntteudont  on  It  by  nover-t-eiisiug  repuir.  'Hius, 
a  man's  body  is  not  composed  of  exactly  the  same  portJcloH 
day  afti-r  day,  oltlioiigh  to  all  inlenttt  he  reuiaius  tlie  same 
individiinl.  iVlmost  everj'  part  is  chrmgeil  by  degrees ;  but 
tlie  vhauge  is  so  gradvial,  and  Ihe  renewal  of  that  which  is 
/oat  so  cxtict,  that  do  difference  may  be  noticed,  except  at 
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Tttng  iQli^n'atii  of  timo.  A  lifeUn  strui-tur«.  u  a  crjsUi],  i» 
•ubjcct  to  HO  such  Invrs;  aflithar  decny  nor  roptiir  is  a  ne- 
nmtaxy  coadition  of  ita  exiat«nce.  Tli&t  vrhkh  js  true  of 
HtrticrturM  which  nerer  lind  to  <lo  vith  life  is  true  also  with 
Kapect  to  thoBQ  whidi,  though  tk»y  are  formal  bj  living: 
porta,  aro  not  thflmMlvM  aliro.  Th»^  nit  oyntor  sHaU  U 
formed  by  the  Hvinpf  animal  whitrh  it  enclobes,  but  it  la  as 
lifelMH  UH  any  other  tiiim  of  auliiiv  raultvr;  and  in  ncnjrd* 
IU1C0  wit]i  this  drcumBtanro  tts  growth  takes  pUco  not  tn- 
lerstitiatty,  but  Uyer  by  layer,  and  it  is  not  eubjoot  to  tha 
ftoDstaot  ilwny  and  rwonntrwdion  which  btdoiig  to  tlio 
Utu^.  The  hail  and  nails  on  «uuDple«  of  the  Bame 
fact. 

Thirdly, — ia  oonnoctioo  with  tho  growth  of  lifelcw 
massM  there  ia  no  alteiation  in  composition  or  propertiei 
iif  thn  iRBMriol  which  iH  tidcva  up  aiid  udilud  lo  th«  pre- 
viously existing  maw.  For  example,  when  a  crystal  of 
common  mdt  grows  on  iMuig  plai^d  in  a  fluid  wluoli  cod- 
tains  the  same  material,  the  propcrti««  of  the  salt  are  not 
eliaiifted  by  Wingf  taken  out  of  the  liquid  by  the  cryatal 
ami  add^-d  to  ibi  HurfoiMi  in  a  Holid  form.  Itiit  Iho  cilm  i* 
cwentially  diiferent  from  this  in  living  being*,  both  animal 
and  vi'fcetitbli-.  A  plant,  tike  a  cryntal,  can  only  grow  when 
fn--!«li  mat'-'ibl  is  presented  to  it ;  and  tliU  i*  absorbed  by  its 
leaves  and  rixitH ;  luid  animala  for  tlie  same  purpose  of  get- 
ting nnw  innttcr  for  growth  and  nutntiuu,  lidci;  fooil  into 
their  alomnobs.  Itut  in  both  these  cases  the  mntoriala  are 
tuuuh  altonnl  In-rort-*  they  are  finally  OMtiriifalrji  by  llie  struc- 
turcs  Ihcy  arc  ii.?sl  iiiod  to  nourinh. 

Fourlhly.  'Dm  urow  ih  of  all  livinp  things  has  a  definite 
limit,  uiid  tilt!  luw  wbii-li  goviinw  tliiK  liinitnlion  of  in- 
crease in  aim  is  so  inTariable  that  we  should  be  as  muuh 
astonialii-d  to  fiml  au  individual  plant  or  animal  without 
limit  as  lo  growth  iia  without  limit  to  lifu. 
B  Derelopment  ia  as  constant  an  accompaniment  of  life  as 
^MTOwtb.      Tiio  term  is  used  to  iudiuato  that  chan^  ro 
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whidi,  bftfore  matnrilj-,  all  liviag:  pftrta  are  constantly  snb- 
jaot,  and  hj  vliUsh  Ihrj  itra  mtulo  moro  niitl  moru  iTupialjlaj 
of  peiibrming  their  several  functions.      For   example, 
full-gravii    innn    ia    not  aumpl/  a  raagiiifiLil  child ;    his 
tiasues  and  ot^na  liavo  not  only  grawn,  or  incrciiM^  in 
size,  ihey  Lave  also  dev^lo/xd,  or  become  better  iu  quality. 

No  Tory  iwTciirati!  limit  i-an  bo  drawn  bctn'con  tln^  iMid  ut 
d«velaplu«nt  aud  tha  beginning  of  decline  j  and  the  two 
ptOocMca  may  be  often  aeea  tof^ether  iu  tlio  Mimo  individual. 
Itttt  after  a  lime  all  parts  alike  share  in  the  tendency  to 
deKemrriition,  and  this  ia  at  len^  aucueedod  by  diuth. 

The  dec-lino  of  Living  beings  is  as  ddinite  in  its  occur- 
rence as  growth  or  development.  Death — not  by  diaeaae 
or  injury — so  far  from  btitiifi:  a  violent  int^nruptioD  of  tiio 
ooune  of  life,  is  but  tho  fulfilmeut  of  a  puipoee  in  new 
from  tbo  commencement. 

It  has  beun  already  aatd  that  the  essential  foaturee  of 
life  ore  tlie  tamv  in  all  living  things;  in  other  word*,  in 
tlie  members  of  both  tliu  auimul  uiid  vugeiablo  kingdoms 
It  may  be  well  now  to  notice  briefly  tlie  dictinciiona  whic 
exist  beween  the  memben  of  iheso  two  kingdoms.  It 
may  seoni,  indeed,  a  strange  notion  that  it  ia  poaublc  to 
confound  TcgclidilrJt  wilb  animals,  but  it  is  true  with 
reepect  to  the  lowest  of  them,  in  which  but  little  ia  mani- 
fested beyond  the  eA&eDtiala  of  life,  which  are  tlw  same  in 
both. 

1.  Fcrhapn  the  most  «tfsontial  distinction  is  tho  prospnpo 
or  absence  of  power  to  live  upon  inorf/auie  materiid ;  in  other 
wiiriln,  to  aL't  cbemiuitly  ou  carbonic  acid,  iimmouia  and 
water,  so  as  to  midie  uno  of  tbfiir  component  elemonts  as 
food.  Indeed  one  ought  probably  to  say  that  a  queslio 
concerning  the  capability  of  tlic  lower  kinds  of  animal 
live  in  this  way  canuot  bo  entertained ;  and  that  such 
n  manner  uf  life  should,  decide  at  onoi  in  favour  of  & 
T^9table  nature,  wbatevor  might  bo  the  attributes  which 
Mejued  to  point  to  an  opposite  condusiou.     The  power  of 
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Imng  upon  organie  niuller  would  se^m  to  be  leaa  ^ecisitv 
of  ua  oninial  uatum,  for  oomo  fuii^  nppour  to  (Inrivv 
rapport  nlmost  entimly  from  UiU  eounw. 

II.  Tlier*  w,  oommonly,  h  marked  diflitreiw*  in  g«DO»l 
chemicul  computatioo  1m«wc«i  vpgrijiblcs  and  nnimnU, 
OTCD  in  th«ir  lovest  forma ;  for  while  tJie  former  oonust 
mainlv  of  a  Bubalaooe  coutautiiif:  nu-lion,  lij-drogen,  tod 
o^^u  oiilj,  ttrrangod  so  u  to  fomi  a  compound  cLoaely 

'  aUtsd  to  starch,  and  called  oelluloae,  the  Utier  are  com- 
monly «om)KM«d  in  ^jcixt  port  of  tlio  iXxxen  clnmoiils 
juitt  nameii,  tfigvthor  with  a  fourth,  nitrogen;  the  proxi- 
mRte  prindplea  fonoed  iruu  thtae  hein^  iileutical,  or 
^irith  ulbuniftn.  It  must  not  be  Kuppoeod,  howo 
Esither  of  tlioae  ty[)ical  compounda  alone,  with 
alliev,  a  eonlined  to  one  kinpiom  of  natnre.  Nitro* 
genou*  or  albtiminouB  compounds  are  fVeely  piodaced 
by  vegetable  strucluros,  idthough  thoy  form  on  infinitely 
amallvr  pri>piirli»ii  of  tlio  whole  organism  than  ct^tuloM 
or  starcli.  ,\nd  while  the  presence  of  the  latter  in  aaimala 
is  much  mora  rare  tluui  ia  Ihut  of  thu  furmor  in  vegetables, 
then  ITU  many  nnimuls  in  which  traces  of  it  may  lie  iUm- 
oorered,  and  some,  the  AM^diaua,  \n  whidi  it  la  found  in 
Doiudderablc  <iuanCity. 

III.  Inh<'rcJit  power  of  raoTement  Is  a  quality  which  we  so 
commonly  coatiider  an  iwneutial  indication  of  tuiiinal  nature, 
Uint  it  \»  dilfinilt  at  fint  to  conc«ive  it  rxintin^  in  any 
other.  Tfie  capability  of  slniple  motion  ia  now  known, 
howuver,  to  i-xint  in  so  many  r<!g'^ihli!  fortnii,  that  it  con 

I  longer  be  held  aa  an  eeaential  distinction  botwoaa  thorn 
ttiiiiiials,  Hud  c«iixt«  to  bo  a  mark  by  which  tliA  Mi6 
bo  distinguished  from  the  other.  Tbiis  (he  aoo*portti 
of  many  of  the  Cryptogamia  exhibit  movemeuta  of  a.  like 
to  llioBR  sMin  iti  nnimalculos;  atid  nmn  amoii^  the 
er  orders  of  plants,  many  exhibit  such  motion,  eithiv 
at  rc^ilar  tiincM,  or  on  tlkc  applicntion  of  exttrrnal  irrita* 
tioD,  na  migbt  lead  one,  ware  this  fact  taken  by  itaelC,  to 
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rcf^nrd  them  ao  eontiont  boing«.  Inherent  pim-or  <if  moTc- 
lueut,  then,  ultUuugU  osjieclally  eharacimBtic  of  animal 
nutuR),  u>,  vrhcn  tnkc^n  l>y  itemll,  ni>  [iroof  <if  it.  Of 
course,  if  the  moromunt  were  such  as  to  indicate  any  kinil 
of  jmriKKio,  wliotlior  of  p'tling  foud  or  any  olber,  the  case 
wctuM  tio  cliffctcint,  and  wu  xhould  jiinlly  c/ill  n  Imtng  l^x• 
bibiting  such  motion,  an  animal.  liut  lov  down  in  the 
KUilu  of  life,  when'  ulonu  ttioni  oxintH  uiiy  dilRcidty  in 
distinguishing  the  two  classes,  inov«ni«nts,  although  almcnt 
alvraj'H  mora  Uvi-ly,  uru  scarcely  or  not  at  all  more  pur* 
posivD  in  one  than  the  othor ;  and  evea  if  wo  doddo  on  tho 
animal  nature  of  u  being,  it  by  no  means  follows  iliat  wd 
nxo  bound  Ui  ni'ltiiawliidgii  the  [irusenciu  of  nunsiition  or 
Tolidon  in  the  slightest  degree.  There  may  be  at  least 
no  evideura  of  ita  possoaaing  a  truce  of  tlioso  tifwu™, 
Dorvous  and  muscular,  by  whirh,  in  the  higher  members 
of  the  animal  kingdom,  these  qualitiee  are  mauif^ted. 
Proiittbly  Ih^re  is  no  more  of  either  of  them  in  tho  l»west 
l>TliTtHv1"  llian  in  vegetables.  In  both,  movement  is  efleoted 
by  the  aame  means — ciliaiy  action,  and  Iicuce  the  greater 
value,  for  purposes  of  claselficRtinn,  of  tho  power  to  Ut« 
on  tliia  or  tliat  kind  of  food, — on  organic  or  inorganic 
matter.  As  tho  main  piiqwuii  of  tho  bwwt  niombcre  of 
the  vegetable  kingdom  is  doubtless  to  bring  to  organio 
shape  the  elemcntii  of  tho  itiorganic  world  uround,  na  tho 
function  of  the  lowest  animals  is,  in  like  manner,  to  act  on 
degeui'ratiiig  orgiuiio  matter,  — "  to  arrest  the  fugitive 
organized  partirle-s,  and  turn  them  hack  into  the  ast-ending 
Bti'eam  of  animal  life."  And,  because  sensation  and  voli- 
tion are  nrcompauimunts  of  life  in  somewhat  higher  animal 
forms,  it  is  needless  to  suppose  that  these  qualities  exist 
under  eirtrinn stances  in  which,  as  we  may  believe,  they 
could  be  of  no  service.  It  is  as  noodless  as  to  dogmatise 
on  the  opposite  aide,  and  say  that  no  feeling  or  voluntary 
movemiint  is  ]i»Bsible  without  the  presence  of  those  tissues 
irhjch  we  coll  nervous  and  muscular. 
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TV.  TIm  [ireMim  of  n  MomacH  U  a  very  K^neral  marfc 
bj  wliich  lu)  >iun)at  can  be  distinguishml  from  k  T«gotaU«. 
But  the  loweet  animals  are  fliirrounded  by  m(it«rial  that 
thtj  ciu]  luko  as  food,  ax  a  pliuit  i«  tiinxiuiido'i  by  an 
atinospb«r«  that  it  aia  iiso  in  like  maiitt«r.  And  «r«ry  part 
<tt  their  body  being:  adapted  to  absorb  and  digvut,  they 
hoTO  no  nwt!  of  «  upm-tiJ  n«i;p(»clA  for  niitriont  matter, 
and  anoordingly  have  no  uomach.  This  distinction  tlwn  ii 
not  n  vanliiial  0110. 

It  wonld  bo  tadioos  a«  woU  as  unaAoemoiy  to  enuni9rat« 
the  chief  distinL'tloiui  betwe^iL  the  more  highly  dereloiied 
aiiimalii  and  rugntiibliMt,  Tli'^y  are  *Dffiu<*»tty  apparent. 
It  is  neooseary  to  comptuv,  §ido  by  side,  the  lowest  mem- 
hen  of  the  two  kii^doms,  iu  onkr  to  imdentaud  rightly 
bow  faint  nro  tlto  boundarios  butwcon  thom. 


CHAPTER  II. 
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The  following  EUmtntary  SiibHaactt  may  bo  obtained  by 
chomicnl  analysis  from  tho  hnmiui  t>oily :  Oxygen,  Hydro- 
gen, NitropMi,  Carbon,  Sulphur,  Phosphorus,  Silicon, 
Chlorini3i,  Khiorinc,  I'otiuuinm,  Sodium,  Calcium,  }klafpld> 
sum.  Iron,  and,  probably  as  accidental  const! tunn Is,  Moii- 
ganesiura,  .\lunitiiium,  Coppor,  and  Lead.  Thus,  of  the 
sixty-tbnto  or  mons  tilunnMitit  of  wtiich  oil  Icnowu  matter  is 
composed,  more  than  one  fourth  are  present  in  the  human 
body. 

Only  on«  or  two  elements,  and  in  v«ry  minuto  amount, 
ore  prcnoiit  iu  the  liody  tini'ombiaed  wilh  others ;  and 
etea  these  are  present  much  rioro  nbundiintly  in  mrioat 
,«talM  of  combination.    The  most  eimple  compounds  formed 


8 


CUEMICAI.  COMTOSlTtON  OF  DUMAK  BODY. 


hy  niiioD    in   Toriouii    propcirliniiii  of  tlitno  clerocnU  ore 
tanned  ;>ron>n<ira  principlM;  while  the  latter  ar»  c1 
as  the  ortfanic  luid  the  inaTganie  proximate  prinoiples. 

Tlte  tiirm  otgajxie  \in»  owti  iipplii-d  oxtilusiviOy  to  tfaoi 
Bobstances  irhicli  were  tliought  to  be  beyond  the  com 
n(  Bjittbedoul  cbvmistiy  luid  lu  bu  furuiud  <in]y  bj 
gitnix4d  or  living  boingx,  aniuml  or  vK^rtabln ;  tl 
lietng^  called  org-anieed,  iossmuob  a§  they  are  cJiarao- 
torixod  by  till)  poiutiMiion  of  dilTcroTit  parts  called  orgaus. 
I)at  witli  advanrng  knowledge,  both  distinctions  have  dls- 
^q)eared ;  and  wliil«  the  (ill«  of  living  organisoi  is  applied 
to  numbers  of  living  thing*.  baYing  no  traw  of  organs  in  , 
the  old  sense  of  the  t«rni,  and  in  some,  so  far  as  can 
DOW  lUMrn,  in  no  other  *n\M\  tlur  ti-int  orf^nuic  has  ton, 
ceased  to  be  applied  to  Bubsiances  formed  only  by  livin 
tissues.  In  other  words,  Hubslanoea,  once  thought  to  be 
formed  only  by  living  tismes,  ore  etitl  termed  organii 
although  tliey  oon  be  now  made  in  the  laboratory, 
term,  indeed,  in  its  old  moaning,  broonieii  year  by  year  ap' 
plicable  to  fewer  siibetances,  as  the  chemirt  adds  to 
contjUMls  over  inorganic  elomentfl  and  compounds,  am 
moulds  them  to  more  complex  forms. 

Although  a  liirge  number  of  HO-ealh^I  organic 
pounds  have  long  cea^^ed  to  be  peculiar  in  being  formi 
only  by  living  tiiuiueH,  thi>  tet-ma  orgauiu  and  inorganto  are 
still  commonly  used  tu  drnoto  distinct  cloKecs  of  diemical 
substances,  and  the  classification  of  the  mailers  of  which 
the  humaD  body  is  eoinpuKcd  into  the  organic  and  tlitt 
inorganic  is  convenient,  and  will  be  h(?re  employed. 

No  very  acourftte  Una  of  separation  <ta\  be  drawn  b©« 
twoon  organic  and  iiiorgauic  nubiilanttf.  but  thcn^  (ir«  wr- 
tain  po(  uliaritics  belonging  to  the  former  which  may  be 
here  briefly  noted. 

I.  Organic  (compounds  ore  compoded  of  a  larger  nnmber 
of  I-'Umfiiti  than  are  present  in  the  more  common  kinds  o: 
iaorgauiu  matter.     Thus,  albumen,  fibriu,  and  j^lntin,  the 
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most  nbimdast  substances  of  this  cUm,  in  th«  moro  highly 
organixed  tiosues  of  animah,  am  cooipoaed  of  fira  el«mi)t>t8, 
— (rtutxiQ,  hydrogMi,  oxygttn,  nttrogoD,  nnil  aiilphur.  The 
most  abundant  iaort;;ani«  Bubatauce,  water,  has  but  two 
elemenUi,  kydrogm  aiwl  oxygnn, 

2.  Not  only  aro  n  largo  nurobfr  of  dfrmonU  iwaaUy 
combined  in  an  organic  coiujiound,  bat  a  lar];'e  numbw  of 
tufuira/fl*  or  atmnt  of  ncH  of  tlio  tdomOiilM  are  niiitvd  to 
form  an  equivalent  or  atom  of  the  compound.  In  tti«  cato 
of  caibonata  of  ammouium,  an  an  «saui|iU  auon^  inorganic 
Rubntnncas,  ono  eqiUTalent  of  carbonic  acid  'm  united  vritli 
two  of  ammonium  ;  the  equivalent  or  atom  of  cnrbonic  acid 
oonsijits  of  one  of  carbon  witli  two  of  oxjf;iii ;  and  that  of 
ammoniunt  of  on«  of  nitrogwn  with  three  of  h.vdmgrji.  But 
in  an  equivalent  or  atom  of  fibrin,  or  of  albumen,  therfl 
arc  of  the  mmo  clcmeutH,  rcxpct^intly,  ^2,  22,  l8,  and 
1 12  «quiTalents.  And,  toother  with  this  union  of  lar^ 
«iini)MT»  of  djuivabrnta  in  tins  organic  fioinpound,  it  is 
f^inher  ob^PTvabte,  that  th«  eeToral  numbers  stand  in  no 
siinp]«  arithmetical  relation  one  with  another,  aa  ths 
aumlwTS  of  oquiralents  combining  to  an  inorganic  com- 
pound  do. 

'With  lb<!9in  potrulinritie!)  in  tha  chemical  composition  of 
organic  bodioa  wo  mny  connect  two  other  consequent  fiK^a; 
fir»t,  the  krge  nmubur  uf  differetit  compoiuids  ibat  are 
formed  out  of  oomparntiTcly  f^^w  cinnenta  ;  MKt>ndly,  their 
great  pronenees  to  decomposilion.  For  it  is  a  general 
rule,  tJiat  till-  gn-ator  iLo  number  of  equiralents  or  atoms 
of  an  element  that  enter  into  tho  formation  of  nn  ntom  of 
a  compound,  tlie  leas  is  tlie  stability  of  that  compound. 
Thufi.  for  example,  among  tlio  various  oxide-*  of  lead  and 
other  metnts,  the  lea«t  stiible  in  composition  are  those  in 
which  «uch  et^uivalcnt  hiiit  thu  lurgent  number  of  equiva- 
lenta  of  oxygan.  So,  water,  composed  of  ono  equivnb-nt 
of  oxygwi  and  two  of  hydnigeo,  is  not  changed  by  any 
slight  force ;    but  pcixixide  of   hydrogen,  which   ho*  two 
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equivaleata  of  oxygen  to  two  of  hjrilrogen,  ia  among  the 
BiihutiLiM^s  mort  <Hi«ily  ()(<con)poe(>d. 

The  inslabilify,  on  thU  grouDd,  bekingia^  to  organio 
coni^KMiuJii,  in,  in  tliiMo  vliicli  oro  most  nhiui(Unl  iit  tlid 
liiglily  orgauixiKl  tismiiH  of  miitnids,  undented,  I  at,  by 
thoir  conlaining  nitrogoo,  which,  among  all  tti«  olomonb 
may  be  called  the  least  decided  in  iu  aOiaitiM,  and 
whiuh  maintaiOH  with  Wiit  (nnaeity  its  combination*  with 
othor  clcnient«;  nnd,  2iidly,  by  the  <]uaQtUy  of  wat«rj 
which,  in  tbi^Ir  natural  state,  U  combiiiud  witli  tlicm, 
tiw  prfiwncu  of  which  furnishes  a  moat  favotuaUe  con 
dition  for  the  decomposition  of  nitrogeaous  comjioundfl.^ 
Suuh,  indctod,  in  t]Ki  inHtnbility  of  animal  conipniuitU, 
arising  from  tJioso  severftl  peculiarities  in  their  couatitu- 
tioR,  that,  iu  d«id  and  laoiHt  unimnl  mnttm*,  no  ni»re  is 
roqui«ito  for  tho  occiiirpnce  of  deconiposition  tlian  the 
preeeuoe  of  atmonpheric  air  and  n  inoderut«  tompiiraturo  ; 
conditiouN  Ko  commonly  prcwmt.  that  the  decomposition  of 
dead  animal  bodies  apfieara  W  be,  and  is  ^renerally  called, 
spontoiitKniH.  1'hc  niodns  of  Mtich  dncompo«ition  vary  iu> 
cording  (o  the  natui'e  of  the  original  compound,  the  t«m- 
|>eraturo.  the  access  of  oxygen,  the  presence  of  micro»e<>pi(! 
organism*,  and  other  circumstances,  nnd  constitute  tlie 
several  processes  of  decay  and  putrefaction ;  iu  thu  results 
of  which  proccjwes  the  only  g«tteral  rule  soems  to  be,  that 
the  several  elements  of  the  orgmal  compound  finally  unite 
to  form  those  subatAucrs,  whose  composition  is,  under  tha 
circumsmncoB,  moat  stable. 

The  organic  compounds  existing  in  the  human  body  may 
be  arranged  in  two  doBses,  namely,  the  asotiitd,  or  nitro- 
fffsnoiu,  and  tho  non-oiotiteJ,  or  noit-nitriigmout  principles. 

The  non-aiatimd  priiKHptiK  iududa  the  sereral  ^tiy,  oily, 
or  oleaginous  substances,  as  olein,  stearin,  cholesterin,  and 
others.  In  tho  seme  category  of  uou-nitrogoioua  substances 
may  he  indiid^l  lactic  and  formic  adds,  animal  glucoeo, 
augni  of  milk,  Sx. 
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IX 


Th«  oily  or  fittl^  matter  irhich,  enclov^d  in  Tnlnutv  colli, 
form*  tlin  cwantiiLl  part  of  tliu  udi^xiai;  ur  tjitlj  tUeu«  of  tho 
liiiniitn  body  {p.  38),  «nd  w}iic'h  i*  minglwl  in  minute  par- 
ticlea  in  many  oOier  tUau^e  and  Quids,  coneiHts  of  m  oiixtuM 
ot  ttfitTin,  palmilin,  niid  olfin.  The  mixture  forms  a  clear 
jcllon-  oil,  of  wliich  different  epecimeos  coogcul  at  Irom 

45'  10  35'- 

ChoUtttriit,  «  tuity  matter  which  mBltii  nt  393'  F.,  and  is 
therefore,  alway*  solid  nt  th«  uatural  teiopernturo  of  the 
hoflij-,  muy  ho  obtained  in  smnll  qtuuitity  from  blood,  bile, 
and  DerroiiB  mailer.     Il  occurs  abundiLQtl^  in  mnny  biliiiry 

oult ;  tlui  pure  white  iryxtiillini!  ft[iecim(>n8  of  these  ctta- 

iliona  beicf;  formed  of  it  almost  exclusively.  MiiiuW 
rhomboidal  s(!a)l^-liko  crj-stalx  of  il  ore  aUo  often  foun<l 
in  morbid  secretions,  iw  in  cysts,  the  pnriform  miitltT  of 
softeninf;  and  ulcerating  tumour.",  &c.  It  is  soluble  in 
etbi-r  and  boiling  alcohol;  but  utkaliiw  do  not  diang« 
it ;  it  is  one  of  those  falty  substances  which  are  net 
Baponiflable. 

The  ajtotitfd  or  nitrogtmoua  principles  in  the  liumnu  body 
indada  what  imty  be  t'nlli^  thi^  pmpn'  grlathwua  and  albn- 
tninaut  substances,  besides  others  of  less  definite  rank  and 
compusiliou,  us  pepiiin  and  ptyalin,  homy  matter  or  keratiti, 
many  colouring  and  extractive  mailers,  &c. 

The  gdatinoiit  8ubnliiuceM  are  conlaiuMl  in  several  of  the 
tissue*,  espe^'ialiy  those  which  serve  a  passive  mechanical 
office  in  tlie  economy;  aa  tlie  cellular,  or  fibro<cellular 
tissue  in  all  partn  of  the  body,  tho  t«ndon«,  ligaments, 
and  other  fibrous  tissues,  tlie  cartilagoe  and  bouea,  the 
skin  and  aeroua  membraniM.  Tliiwi^  wltmi  boiled  in 
water,  yield  a  material,  the  solution  of  which  remains 
litjuid  while  it  is  hot,  but  becowee  solid  and  jelly-like  on 
cooliog. 

Two  vnrictioe  of  these  substances  are  described,  "gelatin 
and  choiidrin,  the  lattt^r  being  derived  from  curliiagM, 
the  former  from  all  tiiu  other  titsuea  enumerated  abovu^ 
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and  in  ittt  purest  stalo,  from  isinglnM,  which  in  t!i«  BwJm- 
uiiii^  bUdtlcT  of  the  eturf^eon.  und  which,  wiiU  llio  excep- 
tion of  about  7  per  wwit.  of  iU  weight,  is  wlm!!)-  TL-ducibJe 
into  g(-lnlin.  The  niost  charncleriHtio  properly  of  gi^lntin 
is  that  ftlreadj'  ulMltinu(^d,  of  itx  Holuliun  bi-iii^  litpiid  when 
irann,  luid  nolidifying  or  Milting  when  it  conls.  The  tern- 
ponituro  at  wlikh  it  hecouies  suUd,  the  proportion  of  gela- 
tin vhic'h  nitist  1)0  in  si>lHti<in,  and  the  finniiow  of  ihA 
jftlly  wlien  formed,  are  Tarious,  according  to  tlio  aour», 
the  quantily,  and  tho  (jualily  of  the  i;eUtin ;  but,  M  *' 
general  rulit,  ono  pnrt  of  dry  gnliitin  dintolved  id  lOO  of 
wilier,  will  become  solid  when  cooled  to  60°.  Tho  solidi- 
lied  ji^lly  may  I10  ag«jn  tnmlo  licjuiJ  hy  lii-attiig  it,  and  the 
iriinHitious  from  the  solid  to  the  liquid  state  by  lh«  albir- 
natc  abstraction  and  addition  of  ht-at,  may  be  repeated 
Mtreral  tiroes  ;  but  at  length  the  gr-lntin  i*  no  far  altered, 
ftod,  apparently,  oiydiwd  by  the  procowi,  that  it  DO  loitgw 
beoomea  solid  on  cooling.  Qclutin  in  noluttons  too  weak 
to  solidiiy  when  cold,  is  distinguished  by  being  procipitAbl* ' 
with  alcohol,  eitier,  taniiio  acid,  and  hiehlorid«  of  mercury, 
and  not  prpcipilnbln  with  tho  ierrncjwiido  of  potouium. 
Tho  most  delicate  and  striking  of  these  te»ta  is  the  tanaJO 
arid,  which  i«  ronrcniently  t(iipplic4  in  an  infiiHioii  of  oak* 
bark  or  gaU-niilo;  it  will  detect  one  part  of  golulin  in 
5,000  of  watpr ;  and  if  tho  sobition  of  gelatin  bo  etroiig 
it  forms  a  siugularly  dense  and  heavy  pre<>ijutale,  which 
Itas  bfCD  namvd  tnnno-g«latin,  and  i»  coinplcti^Iy  inHolublc 
in  water. 

Ckendrin,  the  kind  of  g<-latin  obtained  from  cartilagea 
flgroM  with  gelatin  in  moat  of  its  clinrnclcrs,  hut  its 
solution  Boiidifie*  on  ouuUng  much  leaa  tinnly,  and,  unlike 
gelatin,  it  is  precipitnbl«  with  ucolic  and  tho  miniral  and 
other  acids,  and  with  alum,  persulphate  of  iron  and  acotat« 
nf  lead. 

Afbiiminom  Mibetan^es,  or  prouidt.  as  thoy  are  sometimofl 
aaUod,  exhl  abundjiudy  in  tlui  human  body.     The  chief 


ALBITlUUf.  1} 

among  Ibcm  aro  albutntfn,  libnii,  cMoia,  ^ntoiuD,  myoaio, 
and  globuUn. 

AtbiuutH  cziHtfi  in  mo*t  ot  tlio  tixuM  of  thu  bod/,  biit 
mtpmMUj  in  the  dutou*.  in  tL«  lymph,  chyle,  and  blood. 
Bad  in  many  nun-biil  fluids,  lui  thu  serouH  secnttiona  of 
drop*}',  pus,  nod  olh«n.  In  tho  fatcnuut  bodjr  it  U  most 
•bundant,  aud  most  nearly  pur«,  is  the  serum  of  the  blood. 
In  all  Iliit  fiiniiH  ill  nliidi  it  naturully  ouvunt,  it  in  coiD' 
biiwd  with  about  six  per  cent  of  fatty  matter,  phosphate 
of  lime,  chloride  of  iodium,  and  other  ftaline  substances. 
Its  moHt  cliunu^tiTtiilii:  propnrly  iii,  that  botli  in  solation 
and  in  the  half-solid  state  in  which  it  exiats  in  vMte-of- 
egg,  it  ia  ooagutat«d  by  Iteat,  aud  in  thus  bocoiniug  solid, 
beoomes  iosolubin  in  irnlor.  Tho  tompvmturo  rcquiied 
for  the  ooagulatiOD  of  albumen  ia  the  bif^ber  the  teas 
tli«  proportion  of  albunntu  in  tho  solution  submitted 
to  heat.  Serum  and  such  strong  solutioDa  will  begin  to 
coagulata  at  from  ijo"  to  170°,  uud  that,  wIil-u  ttis 
hsat  la  mniitilainml,  bcicomo  almost  solid  nod  opaque. 
But  weak  solutions  rerjuire  a  much  biglier  temperature, 
lOTM  that  of  boiling,  fi>r  thuir  coiigtilatioD,  and  cilbnr  only 
Income  milky  or  opulins,  or  produce  tloccuU  which  are 
pieclpitated. 

Albumen,  in  tho  nlnto  in  which  it  natuiully  oocure,  ap- 
p«tn  to  be  but  little  soluble  in  pure  water,  but  is  nulubtu 
in  water  containing  a  Hnialt  prO]u>rtion  of  nlknli.  In  such 
solutions  it  is  probably  combined  chomically  with  tho 
alkali  i  it  is  pn^i-ipituti^d  from  tbem  by  alcohol,  nitric,  and 
Other  minornl  adds,  by  forrocytuitdn  of  potassium  (if  beforo 
or  after  adding  it  thi^  alkali  combined  with  the  albumen  bo 
a«ntr»IisRd),  by  bichlorido  of  merouiy,  iboetjito  of  lead,  and 
most  metallic  gaits. 

Coogulatvd  idbumMi,  ■.«.,  albumen  made  solid  with  lieat, 
is  soluble  in  solutions  of  (rauvilic  alkali,  and  in  acetic  acid 

I  if  it  be  long  digested  or  boiled  with  it.     With  tho  aid  of 
boat,  also,  strong  byilrochWio  acid  dissolves  albumea  ^ce~ 
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Tiouilj  congulatod,  nod  tfa*  scdution  has  a  beautiful  purtilo 
or  li1ii<»  colour. 

Fibrin  tn  fixrad  m<)at  nbuiiilantly  in  tho  blood  and  th« 
iikore  perfect  portions  of  llie  Ijinph  and  chyle.     It  i»  W17J 
doubtful,  )iowev«r,  wlictlivr  filiriii,  nii  nucIi,  exists  iu  Ibeaa' 
fluids, — wli«th«r,  that  i«  to  Mty,  it  is  not  itself  ftirni<!<!  at 
llie  muTUCut  of  coagulation.      (See  CJiapter  on  thn  Ulood). 

If  (1  common  dot  of  lilood  be  pressed  in  fine  liu<5ii  wliilii 
a  BtTi>nm  of  n-alOT  flows  upon  it,  the  vholc  of  the-  blood-  \ 
noIouT  U  KTuilually  removed,  oiid  strings  and  tuious  ])iK«a 
remnin  of  a  mft,  jot  tough,  olnstic.  and  opaque-wUttv  mib- 
attttice.  which  consist  of  fibrin,  Itupure,  with  ti  mixtiira  of 
flit^  mattor,  lyniph-corimBcluM,  shn^n  of  th«  menibnines 
of  ted  blood -coTpuwlois  and  some  saline  subsUincee.  Fibrin 
scmit-ivlint  purer  than  this  may  be  obtuned  by  stirring  blood 
while  it  pniigii]at«a,  and  cuUurttng  the  shreda  that  attach 
themselves  to  the  inslrumcnt,  or  by  t^tardiug  the  congola- 
tion,  mid,  while  the  ted  blood-cor]>u!Hlcji  ciiik,  collecting' 
the  fibrin  unniixnd  with  tltnm.  l)ut  in  neither  of  Hwta 
caiKS  is  the  fibrin  peifectly  xiure. 

CliiMiiii'iilly,  fibrin  and  albumen  can  acarcvly  be  distin- 
guished; llie  oiily  difltTunce  apparently  being  that  fibrin 
coutainA  I  -5  more  osygen  in  every  lOO  parts  tlian  aUmmeu 
does.  Mr.  A  II.  Smee  lia«,  indood,  apiiarpntly  convertod 
albumen  into  fibrin,  by  wtposing  a  w>Iuliou  to  the  prolimged 
influonco  of  oxygeiL  Kcariy  all  the  cban^^cti,  produced  hy 
various  agont«,  in  coagulaled  albunnm,  may  be  rejjeated 
with  coagulated  fibrin,  with  no  groitter  dilfereui^vx  <if  Ksult 
than  may  bo  reaaonably  ascribed  to  thu  dilTcrenoes  in  tlw 
mechiuiical  propnrtiM  of  tlio  two  mibstances.  Of  such 
difierfiH^o,  the  principal  are,  that  immersed  in  noetic  acid 
swella  np  niicl  Iwtoomea  transpan-Ht  like  gelatin,  while 
albumen  imdergooa  no  sudi  nppiirout  chalice ;  and  that 
deutoxydo  of  bydn^en  is  decomposed  whiii  in  compiurt 
with  coagiiUted  fibrin,  but  not  with  albumen. 
Catrm,  h  Jiich  la  said  to  be  olbumea  in  combination  with 
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socIa,  exists  largely  in  milk,  and  forma  one  of  iU  most  im- 
porlant  cooslitueDts. 

Spitonin  M  obuined  frnm  mntrtilar  tiisuo,  botb  of  tiw 
fttruted  aod  or^anio  kind.  It  diUcra  from  ordinaiy  fibrin 
in  WTfTid  pBTtinihin,  caiwviidly  iu  Iwiitg  l«w  solulilo  in 
Bitnta  ftod  carbonate  of  potash,  and  more  soluble  in  dilute 
bTdioclilorio  acid. 

ifyoiin  in  Iho  Muliiitikii<.(i  nliich  npmitnnrnaiilj:  congulntea 
ia  the  juice  of  mu»cU).  U  is  ctoeolv  allied  to  syuioiiiii; 
indevd,  in  tlie  aol  of  itolulioa  in  dilute  utidn,  it  is  vonrvrtad 
iuto  it. 

The  per-centage  composition  of  olbuine'D,  fibrin,  gelatin, 
and  chondiin,  is  tlius  given  bj'  Midder  : — 
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Homy  Mallmr. — The  substanoe  of  the  honiy  ti^iics,  in- 
duding  the  hair  and  nails  (with  whale-bone,  hoofs,  and 
homx],  consiatA  of  au  albunnnoua  sub8l]mc«,  with  laigt^r 
proportions  of  sulphur  limn  ulbumcu  and  fibrin  contain. 
Hair  contains  lO  per  cout.  and  noils  6  to  ]j  per  cent,  of 
sulphur. 

The  horny  substiuiLi!!!,  to  which  Simou  upplit^d  the  name 
oi ktratin,  ore  insolublo  tn  water,  alcohol,  or  ether;  Aoluhh: 
in  caustic  olkidica,  and  eulphuric,  nitric,  aud  hj-droi^bloric 
odds ;  and  not  proci]>itabl<!  Irom  tho  solution  iu  acids  by 
fisTTOCj-anid©  of  potrntsiuui. 

Mucux,  in  some  of  its  forms,  is  rolittud  to  these  homy 
Bubetances,  consisting,  iu  great  part,  of  epilheliuui  dnUKl^<0l 
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from'  tlio  nnrrnpo  of  mucntui  momlinuip,  and  floating  ta  B 
peculiar  clear  and  riscid  tliiid.  But  under  the  nnme  of 
■Dual*,  nveral  riu-iouH  aubaliinciui  my-  iucluded  of  wliieb 
>oin«  an  morbid  albuminnus  secretions  containing  muvut 
aud  puH-uorpuBclee,  and  utbere  cauuBt  of  ibe  fluid  fteoretton 
Turiotulr  iilliTntd,  cuncuntrjtod,  or  ditiilnd.  Miicu.i  cont 
an  albuminous  siibshiniw,  tnrrniKl  mufiit.  It  ilitfiHS  Gram' 
albumen  cliiedy  id  not  coDtiiiniciKr  sulphur. 

Pepain  aud  otlirT  nlburoinoux  ffrmtnu,  m  they  nro  8om«- 
tiines  calltid,  ^rill  he  described  in  coimectioa  with  tb«  wxir>> 
tion«  of  nhich  thuy  aro  tlio  active  principlex.  And  th« 
nrioua  eolouriny  mitUfri,  tis  of  tiie  blood,  bile,  &o.,  will  he 
aim  conaidorud  with  tli«  tluldd  or  tusauM  to  which  thoy 

Bwidos  ihn  ahoTe-menUoned  orgaiiif?  nitro^nouH  com- 
pounds, other  subetaucee  ara  formed  in  tho  living  body, 
chially  hy  deoompoBition  <tf  ultrcigenous  malcriuU  of  tha 
food  and  of  the  tissues,  which  must  bo  rockoood  ratbor  Hj 
t«mp»rftiy  constitui-at^  than  essential  componeut  parts 
tli«  body;  nlthoiigh  from  the  continual  nhnngft,  which  is  a 
necessary  coudition  of  life,  they  are  always  to  be  found  in 
greater  or  less  nnicumt.  Exaaiplea  of  tJicse  nrc  nrcn,  uric, 
and  hippuric  add,  crealin,  creatinin,  leucln,  and  many 
oth«rs. 

Such  aw  the  chief  organic  Bubatnnces  of  which  tho 
human  body  is  composed.  It  must  not  be  supposed,  how- 
ever, that  titny  exist  uaturally  in  a  Htate  approat'hing  that 
of  ohentical  purity.  All  thi;  fluida  and  tissuos  of  the  body 
appear  to  consist,  chemically  speaking,  of  mixtures  of 
aevwsl  of  tlKuw  priucijiles,  tu;:rether  with  milino  mntt'irs, 
TfauB,  for  example,  a  piece  of  musoular  Deeh  would  yield ' 
fibrin,  nlbuiiidu,  gelatin,  fatty  matti^rs,  salts  of  soda, 
potash,  lime,  mngncsiii,  iron,  and  other  jnibntnnccs,  such  ti» 
creatin,  which  appear  pnsaing  from  the  organic  toirardt'^ 
the  inorganic  state.  This  mixture  of  Hubilniiccs  may  bo 
^jcp2aia«d  ia  some  measure   by   the   cxisteiico  of  many 
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dilTerait  structure*  or  titsuea  In  the  muwlco ;  the  gclntin 
iDBjr  bo  r«fumd  principally  to  the  cellular  tiMU9  betireen 
Ibo  fibres,  tbo  tittly  mulUr  to  tlie  adipose  tiasuo  in  Iha 
MDut  poaitloa,  and  part  of  tba  albumen  to  the  blood  and 
Ite  fluid  by  whicli  tlui  titwuc  in  li«pt  moist.  But,  tir'jond 
them  g«iu<rkl  statements,  little  can  be  wud  of  tlio  mode  in 
whicli  the  chamioal  couipouudB  are  united  to  form  aa 
organjiod  dractiiro ;  or  of  lion-,  in  uwy  orjcaiito  body,  Ibo 
twverol  incidentttl  aubstaooes  are  cembiupd  vilh  tbose 
wliivh  nre  csMmtial. 

The  inoT^nie  maltera  wbich  exist  tts  cvcb  ID  the  human 
body  an  numiTOUx. 

H'otor  foTOiB   a  large  proportion,  probably  mere  than 
,  tvo-thirda  of  the  weigbt  of  the  whole  boily. 

Phnifhomt  occun  io  com  bin  iil  ion, — lu  in  tbo  neutral 
plioaphAto  of  aodium  in  the  blood  nnd  mliva,  the  a«id 
phosphates  of  the  muscles  and  urine,  the  basic  phosphates 
ofculdtim  and  mu^i^niiim  in  tbo  bon«s  and  tectfa. 

Suljihur  is  present  cbieliy  in  the  Eulphocynnide  of  potas- 
Hium  of  the  soItTO,  and  in  tbo  Mil{>tiat«-]t  of  tbo  urine  nni) 
sweat. 

A  very  smidt  (juoDtity  of  tiliea  Oxittta,  according  to 
Berielius,  in  the  unnc;  nnd,  acronttng  to  othem,  in  tbo 
blood.  Traces  of  it  have  also  been  found  iu  bonea,  tn  hair, 
owl  in  some  other  purta  of  the  body. 

Chlorine  is  abundant  in  combination  vith  sodiiun,  potas- 
aium,  and  other  bases  iu  nil  parts,  fluid  as  well  as  solid,  of 
Uie  body.  A  minute  quantity  Qtjtuorine  in  combination 
willi  calcium  has  Loen  found  in  the  bones,  teeth,  and 
nrino. 

Potauiam  and  totiium  are  constituenta  of  the  blood  and 
all  tlie  fluids,  in  rations  quantities  and  proportions.  They 
eXL^t  in  tbn  farm  of  cbtoridcs,  aulpbalo.-i,  and  phoKplmtes, 
and  probably,  abo,  in  combination  with  albumen,  or  ccrtniu 
organic  acids.  Liobig,  in  his  work  on  tbe  Chemistry  of 
Food,  has  shown  that  ibe  juice  expressed  from  mMwivi\ttx 
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fl6a]l  alivajv  contains  a  much  liu^r  pro]>ortioii  of  potaat 
nalu  thttn  of  sodu-snlU;  wliil«  in  tlie  blood  and 
fluids,  except  tlio  milk,  tho  IntW  ruIU  alvraj-a  prepoodante 
OTW  tlin  former ;  so  that,  for  example,  for  <iTcry  lOO  [wrta  ^ 
of  eoda-solts  in  l!i«  Wood  of  tlie  cliicken,  ox,  and  Iiorse, 
th«r«  sro  only  40'S,  yg,  and  9-5  pnrU  of  potusli-nidts ;  but 
for  CTcry  loO  parts  of  soda-ealts  in  Iheir  mtistlee,  Uiero 
are  3S1,  279,  and  285  porU  of  poUuilimJts. 

Tho  niUu  ofcaleium  nro  br  far  th«>  roost  abundtuit  of  tii«| 
oartliy  Hiilbi  found  in  tlio  Iiumnii  boily.     Tlicy  extHi  lu  tiM 
Ijnnpli,  c'1)}']l>,  and  blood,  in  eotnbiuallon  villi  phosphoric 
ftcid,  th«  phospbalo  of  calcium  bning  prolmbly  h«ld  tu  solu- 
tion by  the  presence  of  plioaphalii  of  sodium.     Perhaps  do 
tissue  in  wholly  void  of  phoKphnti^  <>f  ciilcium ;    but  lla 
esjicciid  seals  aro  the  bones  and  teeth,  in  n'hich,  togeUier 
ivitb  carboDuto  mul   titioiidc  of  ctlciiuu,   JC  is  deposited 
in    mtnuto    granules,    in   a   peculiar    rompound,    named 
bono-earOi,  couluiuitig  Sl'SS  purta  of  lime,  and  4S4S  of 
phoHpliorin    nniil.       i'hosphnto  of   cnlcium,    probably   tba 
neutral  phosphate,  is  also  found  in  the  saliva,  milk,  bile,  1 
and  mt'«t  t't!i<-r  m-crctionn,  ami  nciJ  pIioBpJwls  in  tlie  urine,  1 
mid,  ecrording  to  Bloudlot,  in  the  gastric  fluid. 

Magnmum  aypunr-i  tobi!  always  aseociott^d  witli  raldiam, 
but  its  proporli'in  is  much  siuallfr.  except  in  tho  juioo 
expressed  fioni  muscles,  in  the  ludies  of  v,-luob  magoesiA 
pToponilemtm  over  lime. 

The  especial  plaeo  of  rron  is  in  the  hmno-globin,  the 
colouringmutleruf  iheblood,  iif  which  a  furtltor  account  will 
bo  given  with  the  chemistry  of  the  blood.  Peroxyde  of  iron 
is  fouDil,  in  very  small  quanlilics,  in  tlio  ashes  of  booes, 
iDUScIcs,  and  many  tissues,  and  in  lymph  ftnd  d^le^ 
albumen  of  sernm,  Sbrin,  bile,  and  other  fluids;  aad 
a  salt  of  iron,  probably  a  phoapbato,  exists  in  cousidor- 
^blo  quantity  in  tbe  liair,  black  pit>n)eDt,  and  Other 
ply  coloured  opttheltal  or  homy  eubiituiicos. 
*^/uminium,  Mangantte,  Copper,  and  Lend. — It  seems  most 
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tikdy  that  in  tlie  humau  body,  coppty,  tnan^umum,  aJumi' 
mum,  and  !>»iil  ore  merely  orcidontal  etemento,  vliiuh,  being 
talcen  in  minuto  quantities  wltU  tlia  food,  and  not  vxnvtvd 
«t  ODM  with  the  &cce«,  tan  abnorlwd  and  deposited  in  Bomo 
tisnte  ot  or^un,  of  which,  however,  they  form  no  necessary 
port.  In  the  same  manitor,  anenie,  being  ubsorbcd,  may 
be  deposited  in  tliv  liver  and  otlier  ports. 


CHAPTER   in. 


STBVCTV&AL   COUPOSITION    Olr  THE    IIUMUt   BODT. 


Ix  thfl  inT«»ti^tir)u  of  tlio  tlruetHral  comporitioo  of  tlio 
human  body,  it  will  be  well  to  consider  in  the  first  place, 
what  are  the  tiimpleiit  uiintoniicnl  domciitii  which  enter 
into  ilN  fonntttion,  and  tlien  proceed  to  esamino  thoM 
more  complicated  tissues  whidi  are  produ(«d  by  tliotr 
tuion. 

It  may  be  premised,  that  in  all  the  living  parte  of 
all  living  tliirigH,  animal  and  vegetable,  tbern  iti  in- 
vmriably  to  be  discovered,  entering  into  the  formation  of 
their  anatonuod  elements,  a  greater  or  leas  amount  of  a 
•ab«tauce,  which,  in  chemical  composition  and  general 
clianwters,  is  indlst^iguishable  from  albumen.  As  it  exists 
in  a  living  tiasuu  or  orgun,  it  differs  essentially  &om  mere 
albumen  in  the  fact  of  its  possessing  the  power  of  growtli, 
I  development,  and  tlie  like ;  but  is  chemical  compobitioii  it 
■a  identical  with  iL 

This  albuminous  Bubetance  has  received  rnrious  namcK 

[Ing  to  Iho  iitnicttin'ji  in  which  it  lion  been  found,  and 

theory  of  it«  nature  and  uses  which  may  \iasa  v*^- 
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eented  ittttilt  most  strongly  to  flio  mindii  of  iU  obs 
Id  tbo  bcxlips  of  the  lowdet  nniiuah,  as  the  Kliixopoda  ae^ 
Gifgarinida,  of  viudh  it  furms  tlio  graatAr  portioD,  it  hsa 
bewi  culled  "  snrcpiJp,"  from  its  chomicalw^eniltlMicciotlu 
Hoab  of  th«  higher  nnimiile.  Whcoi  discovered  iii  rt^getablo* 
ctHln,  and  >nippciscd  to  bo  tho  prima  agent  in  th«ir  ctm- 
stru<Ttioi>,  it  wun  tirrmril  "protoplasm."  A*  thu  presumed 
fonnotire  laotteir  in  nniitial  tlaaues  It  was  called  "blFMloma; " 
and,  with  the  belief  ihut  wti(T«vcr  found,  it  alone  of  nil 
msttors  hos  to  do  with  generation  and  nutrition,  Dr.  Beald 
has  Buniftmed  it  "  gonuiaal  matter." 

So  fur  n»  can  be  diiwovin«d,  tbero  in  no  dilTtironee  in 
chemical  compoution  between  the  protoplasm  of  one  part  or 
organisin  and  tliat  of  another.  Tint  m<ivi<iai>nLi  which  oan 
ho  Been  in  certain  vt^otablo  colls  apparently  belong  to  a  sub- 
stance which  is  identical  !a  compoHition  with  that  whidi 
constitute!)  th«  grunti>r  povlion  <>r  the  bodiox  of  tlio  low«at 
animals,  and  which  is  present  in  greater  or  less  quonti^ 
in  all  tJie  living  parfa  of  tin;  higlii-sil.  So  muili  nppnais 
to  be  n  fnct; — that  in  all  living  parts  tliere  enieu  an  olbu- 
ininoua  substance,  in  wliidi  tn  farourahlo  cnaeit  for  olwerva- 
Hon  in  vrgctablo  and  tho  lower  animal  organisms,  there 
can  be  notic«d  certain  phenomena  whidi  are  not  to  be 
ttccouuted  for  by  plij'aiciil  iinpn^nsions  from  without,  Init 
aru  tho  rp^dt  of  inherent  properties  we  call  rilal.  For 
example,  if  a  hair  of  the  Tradescantia  \'irgiiiic«,  or  of 
many  other  pbint*,  bo  oxamined  under  tho  microvcopo, 
there  is  seen  in  each  individual  cell  a  moveinent  of  the  pro- 
toplasmic contents  in  a  certain  definite  direction  around  tlio 
interior  of  the  t^ell.  Each  crll  is  a  closed  sac  or  bng,  and  itit 
contents  are  therefore  quito  cut  off  l>om  the  direct  influence 
of  any  motive  power  from  without.  Tli«  motion  of  tho 
particles,  moreover,  in  a  cin^uit  nround  tlio  interior  of  the 
cell,  produdea  tho  notion  of  its  being  due  to  any  other 
tlian  those  molecular  changes  which  we  coll  vitnL  Agnia, 
ia  llie  lovcst  animals,  vhoee  Viodics  toeemble  more  than 
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Ukj^ing  elso  a  minute  UAiM  of  jelly,  and  which  nppcor 
to  bo  mode  up  alnuMt  aiolAy  »f  tliin  albtimiiioiis  {irotoplasm, 
then  nro  moromoots  in  correspondence  with  tbo  nixia  of 
the  organiain,  whether  with  rotipect  to  BeusLog  food 
or  any  other  puipiMc,  which  orn  unBcoouDtaMe  aooord' 
mg  to  any  ImowD  physical  Ittirs,  sod  can  ODlf  bo  coUod 
vitaL  Ib  manjr,  too,  there  i.i  u  kind  of  molecular  cur- 
rent, extMtly  reaembliug  thnt  which  is  mod  in  a  vogotshla 
c«U. 

In  the  high?/  nninuda,  phenomena  such  n  theae  ore  bo 
eubontinate  to  the  nuMre  eoroplex  toanifestJitioiis  of  lifo  that 
they  are  apt  to  be  ororloolccd ;  l>ut  thoy  exist  niiTverthelen. 
The  mere  nutrition  of  each  part  of  tho  body  in  man  or  in 
the  higher  animals,  ia  pLifonned  after  a  latihioD  which  la 
atrictljr  aiulegoiu  to  that  which  holds  good  in  tbo  Mae  of 
a  Tegetable  c«ll,  or  a  riiizopod ;  or,  iu  other  word*,  the 
liA)  of  each  anatomiual  cJement  in  n  complex  fttrueture, 
like  tbo  hunittD  body,  resembles  Tcry  closely  ilio  lifo  of 
what  iu  the  lotreat  urgauismii  constitutes  the  whole  being. 
For  example,  the  thin  «caly  covering  or  rpidermis,  which 
fomitt  the  outer  part  of  a  man's  akin,  U  made  up  of  minuto 
cell*,  wliicli,  when  living,  are  compoi'cd  in  part  of  pro- 
toplasm, and  which  ore  continually  wearing  away  and 
Ixting  replaced  by  new  nmilar  dements  from  beneath; 
and  this  process  of  quick  waste  nnd  repair  could  only  take 
place  under  the  rerj-  lomplex  conditions  of  nutiition  which 
vxJaX  in  miui.  One  working  port  of  the  organism  of  on 
animal  is  so  inextricably  interwoven  with  that  of  luiother, 
that  luiy  wont  ordeffct  in  one,  is  soon  or  immediately  felt 
by  the  whole ;  and  tho  epidcrmiM,  which  only  subserves  a 
moduuiii^Ll  function,  would  be  altered  veiy  soon  by  any 
in  the  more  essential  porta  coiioenied  in  circulation, 
>iration,  &o.  Bat  if  we  take  simply  tlir  liC»-history 
of  one  of  tbo  mnall  cells  whiuh  constitute  the  epidermis, 
wo  find  that  it  absorbs  noiiriahmcnt  from  the  ports  arouud, 
grows,  and  dovolope*  in  a  moDiier  analogous  to  that  whicli 
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belong  to  n  cdll  which  cocslitules  part  of  n  vcf^table 
structure,  or  even  a  cell  which  bjr  itself  forms  sa  indcpo(i> 
deat  being. 

llomembmng,  honercr,  tlio  inTariable  prcMOCO  of  S 
living  DlhumiiitxiH  matlr^r  or  protoplunn  of  apparcnttjr 
identical  ccmpoution  in  all  living  titsuos,  imitntil  and 
T«getable,  wo  must  not  forgut  that  its  i«1atiotis  to  the 
porta  with  which  it  i»  incorporated  aro  still  vwj-  doubtfuUv 
known ;  and  all  theories  ( oiicentinp  it  must  be  conddcnfd 
only  t«iit&tivo  and  of  uactTrtain  stahility. 

Amon^  the  anatomical  c]«meDts  of  the  human  bodf, 
•ome  appear,  even  witli  ttxi  help  of  tho  bent  micfoacopic  ap- 
paratus, perfectly  uniform  and  simple :  ibey  show  no  traoa 
of  fltmcture,  i.e.,  of  Ixiing  composed  of  definitoly  arranged 
dlsaimilBr  porto.  Tliene  are  named  ain^pU,  tlmeturelttM,  or 
amorfhoui  sub8tanc(>§.  Such  is  the  simple  membrane  whicli 
forms  the  walls  of  most  priman-  ccU»,  of  tho  finest  gland- 
ducln,  and  of  llie  sarc^Iomma  of  muscular  fibre;  and  surlt 
is  the  membrane  enveloping  tlio  vitreous  humour  of  the 
eye.  Smh  also,  having  a  dimlj"  granular  appraranwj, 
but  no  really  granular  structure,  ia  the  intercellular  sub- 
stance of  the  io-cullod  kyalint  cortHogo. 

In  the  pnrts  which  present  determinate  structure, 
certain  primary  forms  may  ho  dlstiuguislicd,  which,  by 
their  various  modifications  and  modes  of  combinattoQ  mako 
up  tlie  tissues  and  organs  of  the  body.  Sucb  are,  I.  Ora- 
nulri  or  moltadei,  tho  pimplesl  and  minutest  of  the  priiuaij" 
forms.  They  aris  purticlos  of  various  siaes,  from  immeasur- 
able minuteness  to  the  lO.OOOlh  of  an  luth  in  diameter ;  of 
various  and  generally  uncertain  composition,  but  umnlly 
so  affecting  liglit  transmitted  through  them,  that  at  dif- 
ferent focnl  distances  llii'ir  centrr,  or  margin,  or  wholo 
substance,  appi-nra  hlnck.  I'rom  tills  character,  as  well  as 
from  their  low  speoiBo  gravily  (for  in  microscopie  esainina- 
tions  iLcy  always  appear  lighter  than  water),  and  from 
their  solubility  in   ether  when   tlicy  can   ho   favourably 
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it  IS  pfobable  that  most  i^anulea  ore  formed  of 
tatty  or  oily  matter ;  vr,  sintn  tln'V  dii  not  coidi^cio  o» 
liuulo  drops  of  oil  would,  Uiat  tbey  aro  pnitidcs  of  oil 
over  with  ttlbuniea  d«[>on{«i]  on  tliem  from  Iha 
aid  in  wliicit  thoy  flgnt,  la  any  fluid  dint  is  Dot  loo 
Tiw^id,  Ih^y  rxhibit  tho  phcnoiDenon  of  tnoletular  Hiotion, 
tHutkiag  &ud  ribraltug  iiii-^-KuiiilIy,  and  soincUmca  inotin^ 
tJirouglL  UiR  IluiO,  pixibnbly,  in  gront  mfiiistirv,  tinilur  tiio 
tnfluonce  of  exterunl  vibration. 

GriLnulM  may  Ixi  oitlior  fr^,  n*  in  milli,  ckjl^  mtlkj' 
serum,  yolk-subataace,  and  most  Umum  contaiiuDg;  cdls 
vith  gratiulen ;  or  cntloted,  ns  ore  tlio  t^anuloa  in 
norro-oorpusdes,  gUnd-oelU,  and  cpitiiplium-colU,  tlto 
pigment  ^rauiites  In  tlio  pipnentum  ni^Tum  and  me- 
dullary mtislnnc«  of  the  hair ;  or  imbcdJr-d,  ii*  nxt:  tint 
granulee  of  pbuspliate  and  carbonate  of  Ume,  in  bonM 
and  le«(]i. 

2.  jVuWci,  or  ry(aWi«M  (fig.  i,6),iij)iwartoli©t]ie  fiinipl««t 
•lementaiy  slructuros.  n«xt  to  grnnuloa.  Tht^y  were  Ihtw 
named  in  aecordaoce  with  the  hypotUeais  tiiat  ihoy  nro 
tilwuja  conncrti'd  vrilli  <^4t!<,  nr  lisKiiO!i  funited  fruiii  ecUs, 
and  ihnt  in  tho  development  of  tliese,  oncb  niiclous  in  thi* 
germ  or  c«iutru  nT«mid  which  tho  cvW  is  formed.  Tho 
hypotheais  i«  only  pnrtinJIy  Iruo,  btit  the  tnnns  hiuwd  on  it 
are  too  familiarly  lU-i'^pted  to  make  It  udvisabte  to  cUniigo 
tliflm  till  some  luoro  uxuct  and  cumpmhenuve  theory  is 
formed. 

Of  tlio  corpuBclcs  called  nuclei  some  are  minnte  oellulea 
or  TO«cle«,  vritb  walU  formed  of  simple  membruuo,  eudos' 
tD^  often  one  or  mere  portidee,  like  minute  granules, 
cjillod  niK^foU  (6p.  I,  e).  Other  nnotci,  again,  appear  tii 
be  simply  ftmall  musses  of  protoplasm,  witli  no  tncv  of 
vcsiciiliir  siructunf . 

One  of  the  most  general  cbninclci*  of  tlie  nui-lcuM,  nnd 
tile  most  uiieful  in  u)ii*rosoopio  esamiuiition?,  is,  that  it  19 
neitlier  dissolved  nor  made  transpaient  by  aoetic  add,  but 
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noqaiiM,  when  that  diud  i*  in  oontnct  with  it,  a  darker  and 
mora  diAttnot  outlin«.  It  ii  cotntnonly,  too,  lh»  p«rt  oT  (Im 
matuin  crU  whicb  is  cap&bleof  Wing  Gtainrd  by  sa  uamo- 
niacol  BoluUon  of  caraiia& — tlte  teat,  it  may  be  reraaiked, 
by  whicb,  aeconliDg  to  Dr.  Bcale,  protoplasm  or  germinal 
nuitt«r  may  be  always  koown. 

Xuclt!)  may  Ih;  irttlicr  /rtg  or  allaehfil.  Frt*  tixitUi  are 
such  as  either  float  in  fluid,  like  those  id  bohw  of  the  eecre- 
tiiMU,  which  n[i])«ar  to  tic  derived  from  Um  SMieting  cdls  of 
tho  gla&ds,  or  lie  loosely  imbedded  in  ealid  enbetonce,  a«  in 
the  gi«y  mailer  of  the  Iinuu  and  spinal  cord,  aod  moat 
nliiindnntly  in  unmo  qiiiirkly-growing  tumoara.  Allocked 
iiudei  are  4:tthcr  closely  imbedded  in  homogeoeoue  pellucid 
Ku>intiinc^,  nil  in  rudiracDtal  cellular  titsuo;  or  aro  lixrd  on 
tho  surfuoo  of  flbrea,  as  on  those  of  organic  muscle-  aiMt 
organic  nervulilircit ;  or  are  endoecd  in  cclla,  or  in  tiasuec 
formed  by  tho  extension  or  junction  of  cell*.  Nuclol  co- 
dosed  in  cella  npjiear  lo  bo  attached  to  Ihe  ioner  Btuface  of 
the  cell-wnll,  pmjooting  into  tho  carilT,  Thcjr  pocitiiiu  in 
relatiou  to  the  centre  or  axis  of  Oie  eel!  is  uncertain  j  ofieo 
wliCR  tho  cell  lieit  on  a  fiat  or  liroad  Hurface,  th<-y  appear 
cQutral,  as  in  blood  coTpusclen,  epithelium-colls,  whotlier 
tusHoIaled  <ir  <yliridrical ;  l>ut,  perhaps,  more  often  thcii- 
position  has  no  regular  relation  to  tlio  wjntrft  of  llic  <itll. 
In  most  iiitilanoea,  eai;h  ci.'ll  ooataina  only  a  single  nucleus ; 
1>ut  in  ciuiilnge,  mpccinlly  when  it  is  growiii|;  or  owifying, 
two  or  more  nuclei  in  each  cell  are  common ;  and  tho  dave- 
lopmrait  of  now  cells  is  oIt«n  effected  by  a  division  or  mul- 
tiplication of  nuclei  in  the  cavity  of  a  parent  eell ;  as  in  tho 
priinxrj'  blood-cella  of  tbe  embryo,  in  the  germinal  vedde, 
and  others. 

When  cella  extend  Uid  ooalesca,  so  that  their  walls  fomi 

tubes  or  Ahcatb--!,  tho  nuc^  commoulj  lenain  alta«h«d  ti> 

the  inner  surface  of  tbe  wall.    Thus  they  are  seen  imbedded 

in  tho  mullti  of  llio  minutest  capillat;  blood-vessels  of,  for 

■conaiplo,    the   retina   and   brain;    in  the   eaiootcnuna  of 
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tmurenely  fitriated  muscukr  fibres ;  and  in  minute  gland- 
tubes. 

Nuclei  are  moet  eommonly  oral  or  round,  and  di>  not 
ge&erall;  eoBfarm  Ihemsdm  to  the  diTCnM  »hn]!«s  wliicli 
the  oeUs  assume;  ih«y  are  altogether  Ims  ToriaUo  cl9- 
ni«nt»,  wan  in  i^urd  to  sixo,  than  the  cells  ore,  of  nhich 
fact  one  may  soo  a  good  cxatnpio  tti  tho  aniformity  of  the 
nuclei  in  cella  ao  mnltiform  as  those  of  epilbelium.  But 
soinetimMt  th(-]'  appear  to  ho  dnTclopcd  into  fihunents, 
eloragnting  themMlves  and  becoming  solid,  and  uuitisg 
«nd  to  end  for  greater  len^h,  or  by  lateral  brandies  to 
foriA  a  network.  So,  nccorfiing  to  Ilcnie,  nro  formed  the 
momenta  of  the  stristed  and  foneetratod  coats  of  arteries ; 
and,  ftODotdiu};  lo  Bealo,  tho  Mt'Called  ronnpRtivn  timue  cor- 
posclea  are  to  ho  considored  branched  nuclei,  formed  of  pro- 
toplasm or  germinal  matter. 

3.  C^ilt. — Tho  word  "cell"  of  courwi  impliM  Hlrielly  tt 
holloir  boil}*,  and  the  term  was  a  sulSdently  good  one 
when  all  so-called  leUs  were  conudered  to  be  small  baj^ 
with  a  membmnouii  envelope,  and  more  or  Ictu  liquid 
content*.  ^lany  bodies,  however,  which  are  still  called 
<-elIs  do  not  answer  to  (his  description,  and  tlio  term  there- 
fore, if  taken  in  itM  literal  sigoiiicntion,  is  very  apt  to  lead 
astray,  and,  indeed,  very  Irequently  does  eo.  It  is  too 
widely  used,  however,  to  be  given  up,  at  h^ast  for  tho 
praacQt,  and  ve  must  therefore  consider  tlie  tomi  to  indi- 
cate, either  a  membranous  dosed  bii^  with  more  or  less  liquid 
content*,  and  almost  always  a  nucleus ;  or  a  smull  renii- 
aolid  mass  of  prutoplafini,  witli  no  more  definite  boundary- 
wall  than  nich  as  has  been  formed  by  a  condcnaatioD  of  its 
outer  layers,  but  wjtli,  matt  <!nniinonIy.  a  nmull  granular 
'  anbstanco  in  tlie  centre,  called,  as  in  ttio  first  place,  a 
I  Jiudeas.  In  both  cssces  the  uuditus  mny  cotiiuin  a  nudeoliui. 
Fat  mIU  (fig.  1 1}  ore  examples  of  the  £r»t  kind  of  ooUs; 
vhite  blood-coipusdes  (fig.  26}  of  the  Eeoond. 

The  eelt-wuU,  when  thero    is  one,  never  presents  any 
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nppcaraacu  uf  stroeture :  it  appeon  Kini«tun«  to  bo  an 
nlbuminous  sabsbiaco ;  »oiii«tiiucs  a  horny  mutter,  M  in 
IhiiA  and  dried  cuUde.  In  aJmortall  caaes  (tliediy  wUaof 
homy  tjuue,  perlinpt,  aionn  txccplsd)  the  crll-wall  is  modo 
transpBieDt  by  acetic  ootd,  which  iJso  pene*ra(<«  into  tho 
interior  and  diateuda  it,  ao  that  it  can  hoidly  be  diEcerDed. 
But  in  stkch  oases  the  ceU^vuU  U  nsnnlly  not  dinolvod ;  it 
mny  bo  brought  into  riovr  agula  by  merely  neutralizing 
th«  acid  n'ith  eoda  or  potaeh. 

The  fticupk-Ht  thupt  of  cells'  and  that  which  ia  probably 
the  normal  shape  of  the  primary  evil,  in  oral  or  sphcroidu], 
as  in  cartilage -cells  and  lymph-corpuscles;  but  iu  manyia- 
stanixs  ihoy  iiro  flattened  4inil  diacoid,  aa  in  the  red  blood- 
corpuscles  (fi|7.  26)  or  scale-like,  os  in  tho  epIderauB  and 
teeselated  e]iithiilium  (fig.  2).  By  mutual  presBUie  they 
may  b^-'omo  many-sided,  as  are  moet  of  (lio  pigmDitt>oeU» 
of  the  choroiilul  pigmeutum  uigriun  (fig.  12),  and  those 
in  <;1  !>!>«•  I pxtiircd  ndipoDO  tiwno ;  they  may  aMume  a  conical 
or  cylinJriftjriii  or  prismatic  shape,  as  in  the  rarietiee  of 
eyliii(]rr-i'pitli<-liiim  (fig.  4);  or  bo  caudate,  n*  in  certain 
bodies  in  tiie  splc«n ;  they  may  send  out  exceedingly  fine 
processes  in  the  funn  of  vibrutilo  dlia  (fig.  6),  or  laiger 
pr»rn«sc»,  with  which  they  become  stellate,  or  variously 
caudate,  as  in  some  of  the  ramified  pigroent-cella  of  the 
choroid  coot  of  the  eye  (fig.  13). 

Tho  <onUiiti  of  all  living  cells,  including  the  ouoleos,  am 
formed  in  11  greater  or  Uim  <legic«  of  protoplasm, — less  as 
tho  cell  grows  older.  But,  besides,  cells  contain  maltent 
almost  inlinitely  various,  uceordiug  to  the  position,  vfatx, 
and  iigu  of  tlio  cc^.  In  adipose  tiuue  th^  are  tlie  oily 
matter  of  tho  fat;  in  gland-eells,  the  contents  arc  the 
proper  substanoe  of  the  si'i-retiun,  bile,  mmen,  etc,  na  the 
coMi  may  bo ;  in  pigment  cells  they  are  the  pigment  gra- 
nules that  give  tho  colour  ;  and  in  the  Dumcrou*  instances 
in  which  till)  (-ell-coDtcuts  can  bo  noitber  secta  because  they 
arc  f  ellucid,  nor  testod  because  of  their  minute  ixuantily. 
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tn  yai,  probaI>Iy,  pctrulinr  in  cavh  tSxnuo,  imi]  o9n> 
stiCute  the  greater  ^art  of  ttie  proper  eubstonc'd  of  each. 
Commonly,  irheii  thu  cunt«nls  are  pclluiiil,  thoy  oontain 
griintilcs  which  flout  in  thorn ;  and  when  wator  t«  ixldod 
tmd  Ok  oontenta  are  diluted,  the  (jToaules  diaplaj  an  actiTe 
moIeeuW  mOTument  wittiin  tlm  <!aTily  of  th«  cttll.  Such 
a  tnov«m«i)t  may  be  eeoa  by  adding  vi&Ur  to  mucus-,  or 
grauulAtioD-oarpu«cle«,  or  to  tlioae  of  Ijtnpb.  In  a  few 
taum.  Urn  vbol«  mvity  of  tbo  ctII  >•  GlUid  witti  graauloi : 
il  i«  M  ia  yelk-oella  and  milk-eorpuaclw,  in  the  iargw 
diseued  corptisoluH  oftcti  found  among  tlie  produdA  of 
isflanraatioD,  and  in  some  cells  ith«u  they  are  ttie  seat  of 
extreme  fatly  degcrn'rution.  All  cetU  containing  alnuidact 
granulw  appear  to  be  cither  lowly  organized,  as  for  nutri- 
ment, e.y.,  yelk-celltf,  or  degenerate,  e.t/.,  granule-cells  of 
inflammation,  or  of  mucus.  The  peculiar  [■i>nt<<iits  of  cclht 
may  bo  otUm  observed  to  accumulate  first  ai'ound  or  di- 
rectly over  the  nuclei,  as  in  tlie  cells  of  black  pigment,  in 
thoMof  nielnRotiiUuinoun>,  and  in  tboeo  of  the  liver  during 
the  retention  of  bile. 

InUrctUatar  tuiatante  is  the  malcrial  in  which,  in  certoJi) 
les,  the  cells  are  imbedded.  Its  (juaati^  Is  very 
ble.  In  the  liucr  epitlnrliu,  expt-nially  tlie  columnar 
epitliclium  on  tho  mucous  membrane  of  the  inUstines,  it 
can  be  just  seen  filling  the  interstices  of  the  close-set  cells; 
here  it  has  no  appcurance  of  s.lrncture.  In  cnrlilnge  and 
bone,  it  fonnN  n  largo  portion  of  the  whole  substance  of 
tbo  ti*sue,  and  is  either  honiogeneous  and  fioely  granular 
(fig.  14),  or  uKscoux,  or,  n*in  fihro-cortilago,  resembles  fino 
fibiouatissuo  (fig.  15).  In  some  cases,  the  cells  are  veij' 
loosely  connected  wttti  the  intrrccllnlnr  substance,  and  may 
be  neiLrly  scpitriitrd  from  it,  ns  in  fibro-cartilage :  but  in 
acme  their  walls  seem  amaljcamated  with  it. 

The  foregoing  may  be  regarded  as  the  umplest,  and  th& 
nearest  to  the  jirimary  furuis  usHumcd  In  tho  urgnnixatiou 
of  animal  matter;  as  die  states  into  which  this  pataes  in 
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bocoming  a  aolM  tiwue  living  or  vnpabU)  of  lifu.  By  the 
further  development  of  Uasue  thus  far  orfimized.  higl»«r  or 
Kcooadnry  forms  on  produced,  nbu^h  it  vrill  Lo  ftufBoient  in 
thia  place  mwely  to  enumerate.     Such  are, 

4.  Filament*,  or  fitiriU, — Thr«iuLt  t)f  cxoecdtag  finenees, 
from  s^Aunth  of  an  inch  upwards.  Such  ijlmniiDta  nni 
OTliodriform,  aa  aru  thoiie  of  llie  striated  muscular  and 
tho  fibro-csUulai'  or  nroolar  tissue  (fig.  $) ;  or  ilnttoned,  as 
«P9  those  of  the  organic  muaclee.  FiUmonts  usuottjr  lie 
ill  paxttlkl  fuHcU-uIi,  tut  in  muKcuLtr  nnd  tciidinuu.-i  tissue*; 
l>ut  ID  some  instances  are  matted  or  reticular  u-itli  brancbc« 
and  inlercoiamuiiioatiou,  as  am  tliu  Clumvatt  of  the  middle 
cuat,  and  of  the  long!  tud in nl ly.fi brons  coat  of  iirlvrica;  and 
in  other  iuttances.  ore  ftpiruUy  wound,  or  rery  tortuous,  e* 
in  the  common  fiLro-ci'Ihilur-tisi^o  {dg.  9). 

5.  Fibres  in  the  instances  to  u'liich  the  name  is  commonly 
u)ipli<!d  are  larger  than  filaments  or  fiV.rils,  hut  are  hy  no 
<««ential  general  character  distinguished  fi-om  th«ni.  Tbo 
flattened  baud-like  llbrea  of  tlio  coarser  varieties  of  organic 
muscle  or  eluntic  ti»tl1^  (li^^.  lo)  urn  thn  nimjilent  oxiUD|dM 
of  this  form :  the  toothed  libres  of  the  cr^'stalline  lens  am 
more  complex;  and  more  compound,  so  a.H  liurdly  to  pitrmtt 
of  bciiug  classed  as  elementary  forms,  are  iho  striated  mus- 
cular tibrcit,  whidi  consist  i>f  hundlcs  of  filaments  eudoaad 
in  Bojtaratc  membranous  sheatlis,  and  the  cerebro-spinal 
nerve-fibres,  in  H'faicli  similar  shealliti  endoao  appareoUy 
two  varieties  of  norvo  substance. 

6.  Ttihula  ore  formed  of  simjJo,  or  struettireleas  mem- 
brane, such  as  tlie  iuvi-sting  Khi^atiw  of  striated  muscoiar 
and  cerebro-sijinal  ncn-o-fibres,  and  the  basement  msm- 
bratte  or  proper  wall  of  the  fine  ducts  of  secreting  glands  j 
or  thry  may  be  formed,  as  in  the  cnse  of  the  minute  capil- 
lary lymph  and  blood-vessels,  by  the  apjiosition,  edge  fo 
cdgv,  in  a  xingle  layer,  of  variously  shapeil  flattened  oclls 
(fig.  48). 

With  tlieso  Bimplo  materials,  tli«  various  parts  of  the 
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Ay  ate  built  up ;  the  more  elcmcnliuy  tiiaiMis  lieiHg,  ao 

U>  apeak,  fint  ctimpouiutod  of  them ;  vhilo  tlif«o  ngohi 

tat!  variously  mixed  and  intenrOTen  to  fonn  ni«re  intricate 

I  combintttioas.      TliuH  urn  ronatructcd  <ipit)idiuTn  lutd  its 

utlioiu,  connective  tissue,   fat,  cartilage,   bone,   the 

I  of  muscle  and  nerT«,  etc. ;  und  dune  agaiu,  mtli  tlio 

ore  Bimple  stnuTlaru  beforo  mentioned,  uo  used  as  mate- 

riols  vrhonwith  to  form  arfaries,  vciiia,  and  lympbatica, 

['eea«tin{>  and  vascular  jtlauiln,  lunga.  heart,  livor,  amd  other 

^partH  of  the  bodj-. 


CHAPTKR  IV.« 


sr 

DU 

hi 


mtcrTrsE  or  tub  klbmzxiakv  tissrss. 

O.tE  of  the  Bimplost  of  the  elementary-  structiirea  of  wbidi 
the  human  body  is  inuite  up,  is  that  vrlitcb  has  received  the 
aamo  of  Epithtliwn.  (Composed  of  nucluatcil  ivlln  vrhich  am 
arranged  nioM  couiraoul}'  in  the  form  of  a  cootiiiuoun 
embranv,  it  Hum  liio  fron  tKifaets  both  of  the  inside  aud 
outride  of  the  bodv,  nnd  its  varieticf,  witli  one  excoption, 
have  beea  namMl  after  the  sbajies  which  the  individual 
cells  in  difTorant  ports  assume.  Clnssilied  t}iii8.  Epithelium 
presents  itself  under  four  principal  forms,  the  characlcrw 
of  each  of  whith  arc  (Uslirict  enough  in  well-marked  ex- 
wnples;  but  when,  as  frequently  linppens,  a  contiuuoiis 


*  The  roDairiBg  Cliapt«r,  contKining  *n  autl[n»-il*tirri]ilinn  of  ttic 

vieiacntary  tiuncB.  has  Ixwu  iiimrtnl  fur  tLi>  rnimnieuc*  of  *tiii!«ntE. 

^■'Fer  a  much  foIUr  and  hctUr  accoimt,  tliu  nmlvr  laay  be  nIcRVd  to 

^KDr.  Sharper'*  admirablo  dcK'riptiout  in  Qualn'c  Auntomy. 
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8iu£)oe  posteasM  at  difTorcnt  parU  two  or  more  diBeront 
«pithdia,  tIi«T«  iit  u  WIT  gnuluiil  trBiuitioii  from  ono  to  tlia 
otber. 

I.  Tlio  firit  and  most  comntoii  variety  ijt  Iho  pjuamovt 
or  Unflattd  opitliptinm  (figs.  I  nnd  2),  vliich  is  compOMd 
«f  Hat,  oval,  roundUli,  or  poljf^nal  nucleated  cells,  of 
TuriouK  *n*f,  nrrunged  la  one,  or  in  nianir  supRrjUMied 
Iftjors.    Artaaged  in  soTcriil  mipprposcd  layers  thu  form  of 


Piy.  1." 


Fig.  a-t 


dptUieliiim  covers  tlio  Mn,  wlicre  it  in  callod  tho  Epittfrmii, 
and  is  spread  over  the  mouth,  pharjiix,  nnd  a3S0phagus, 
the  conjunctiva  coveriag  tlie  eye,  the  vagina,  and  etttraiiRV 
of  the  urethra  in  hutli  eexes  ;  wliile,  as  a  itinglo  Inyrr  the 
same  kind  of  opitlioliura  lines  tlio  jntiirior  of  most  of  the 
serous  nod  Bj'no\iaI  sacs,  and  of  tlie  heart,  b1ood-TemcJ«, 
and  lymph-ressels. 

2.  Auothcr  variety  of  epithelium  named  tpherQidal,  from 
the  usually  more  or  lesa  rouuded  outline  of  the  oells  com- 


•  Fig.  I,  Fragment  ot  cpiibcliitm  frnin  a  sctous  nn'inbnine  (peri- 
toncuiu) ;  nugnlfied  410  iliunvton.  «,  cull ;  b,  nuclvus  ;  t.  cudMli 
(llcnle). 

t  1^2-  3.  E|)illi«liiun  aciil«i  from  tlie  inside  of  the  mouili ;  iiugu!l!«I 

36odiHlni;Ivt9  (H«lll«>. 
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it  (J,  &g.  3),  U  fonnd  chiefly  lining  the  inlMior  nf  Iho 
of  tlto  comixmod  elanda,  and  inoro  or  I&k  completely 
iilUn^  the  small  Huoc-iilutioiu  ct*  acini,  ia  wliich  ihoy  ter* 
niinate.  It  commonly  indeed  oocupiea  thn  tnio  *erretiag 
l^iarts  of  all  g^lands,  and  Iigdcb  i«  nomotiinGs  ctdled  glandular 
^tholium  (h,  c,  Bod  d,  fig,  3).  Often,  from  mutual  prcuaure. 


be  Milk  acquire  a  polygonal  outline.     From  the  fact,  liow- 

wr,  of  tho  term  fplitroidat  cpilbelium  being  a  gcoerio  ona 

i'  almost  ail  glatitl -cells,  the  shapes  and  tasas  of  (Im  csUs 

nompoaiiig  tliis  variety  of  i'jiitlielinro  nn>,  an  might  be  ex- 

ed,  Tciy  divcr»i>  in  different  parts  of  tlie  body. 

3.  The    third    variety    ia    the    ctflindricat    or   evlumiiar 


*  Pig.  3.    Th«  fiasltio  kIuiiI*  of  th»  hnrann  ttomach  tRiai:n!fi«d). 

I,  iltrp  port  ut  >  jijrlork  {(lutrk  gland  ((rom  KuilJkvi) ;  tliu  cj'liutlriMl 

itlicliuai  u  trncwlil*  to  the  owcal  cxtrcmitiis.     i  and  f.  lardJac 

itric  gluids  {froni  A11>'n  Tti>>mi»ii) ;  b,  vcrllcnl  ncctlan  of  n  nriall 

irtioii  i>r  tbn  iLiucou*  uiiiiii1>mii"  wiLh  tli«  g1nu<)«  iijikpiiliud  jodisnitl^n ; 

e.  dtcptt  jKirtioti  of  ono  of  the  glaodi.  niKgniScd  65  Jimnetm,  ■liovrui)' 

a  (ligbt  dirinon  of  llw  tiibi-a,  «nd  9  ucrulntcd  appcsnuii^c  produced  by 

1bolarjf«  KliindiiliirccIU  wlttiln  th«ni ;  d,  celtuUi  elcnumtxoftha  cardial) 

,ds  init){iiiDviJ  150  ttUinvlcra. 
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epithelium  (fign.  4  and  5 ),  which  extoiMia  froro  tho  cudiM 
orifice  of  the  stomach  along  the  whole  of  tha  dIgwttTV 
cmmI  to  tlie  (uiua,  and  linee  th«  priDciiud  gUnd-ducte  vthkh 


opea  upoD  the  inucou§  mirfkce  of  thi«  tract,  sometimes 
throughout  thoir  wholn  extant  (a,  Gg.  3),  but  in  some  num 
only  at  the  part  ncareet  to  (he  orifice  (&  and  0).     It  is  abo 

/■«.  S-t 


found  in  the  gnll-tJitddw  and  in  the  greater  porlioa  of  the 
urothrn,  and  in  some  other  pnrtH,  as  U(c  du<:t  of  Ihe  parotid 
gluiid  KHil  of  tho  li'sticlc.  It  in  compoHcd  of  oblong  oella 
cIo8<iily  purlccd,  and  plact^d  jicrpcudiciiliiTlj  to  the  aurikeo 
they  cover,  their  deeper  or  attnchod  ostiemities  htnng  most 


*  Tig.  4.  Cyllndrinl  ^thpllam  from  Intinthifil  tUIim  ot  &  nbUt ; 
loapiSvl  300  iliuottwi  (Dram  Ki-Ulkcrj. 

I  Fi^  $.  Cj'Iinilen  of  tha  tlilwtilikl  i:|iit)ivliiim  (nfti-r  M«iil«}  :— 
n.  frani  Ui«  jcjimuai ;  e.  cylinden  of  tlii-  inUNiiiiiul  vpithi'liinn  w* 
ttioa  vlirii  l<«kin)i  oa  Ihar  free  extrcraitisBi  D.  ditto,  •■  *ecn  a«i  k 
traiiwnM  MCtton  crf  a  illlui. 
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ly  BBialliir  Uiaii  tlioao  whicli  an  froo.    Eitcli  ofsiioli 

I  nKlows,  ttt  noarly  mid  distance  between  its  baso  and 

[apex,  a  flat  nuoleiiii  with  uudcoli  (o,  £t^.  j);  tho  iiucl«t 

rbdBg;  unmged  st  buc)i  heights  in  contigaoas  cells  as  not 

I  to  iatar&re  with  eadi  other  by  mutual  imasare. 

4.  In  Uio  fourth  variety  of  eiiitfaelium  veils,  usually 
f  c^ittdrieal,  but  octasionaUy  of  some  other  ahapo,  are  pro- 
ridod  at  their  &eo  uklKmiticis  n-ith  wn-erul  fine  jNsIlucid 
pliaot  procvseos  or  cilia  (figs.  6  and  7).  fliis  form  of  epi- 
thalium  lines  the  whole  leapiratory  tract  of  mucous  mem- 
t—iie  and  it^  jiroloiigtitioaiL     It  occur*  alwo  in  eumo  parte 
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of  the  gooerativo  apparatus ;  in  the  male,  liotDg  the  tasa 
^trtfiiia  of  tlie  teeticlu,  and  thttir  prolongations  att  far  aw 
Iho  lovei  eod  of  the  tjiiiVuhjmis  ;  and,  in  the  female  tom- 
<inn>^i>g  about  the  mtil'Ilu  of  the  ueck  of  the  utenin,  and  Rx- 
tandiBg  to  the  fimhriutud  extremities  of  the  FaUopian  tubes, 
and  for  a  short  distance  along  the  peritoneal  surface  of  the 
latter.  A  tattlnlrd  tipithelium,  ;rith  huiIcji  partly  mrered 
witli  dlia,  lines,  in  great  part,  the  interior  of  the  cerehnd 
TCntriclc^.  and  of  the  minute  central  canal  of  tlic  spinal  cord. 
If  a  portion  of  ciliary  mucous  membrano  firom  a  living  or 
TCCCOtly  <l«ad  animal  be  moistened  and  examined  with  a 
microecope,  the  cilia  are  obeerred  to  ho  in  constant  motioo. 


t*  Fig.  6.    SpberoMd  cilMt<Ml  mUs  ttom  tho  monili  of  tint  frog  1 
igni6«l  300  diameter*  (Siuiriw  y). 
t  fig.  7-     CelnmniiT  dilated  cpitlivlium  cells  fniia  tho  hunum  niwd 
uidEatesDo;  iiia(piifii>(l3ooitJHnii>lan  (Sharpej). 
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moving  continuallj  backwards  imd  forw«rd«,  and  alttt- 
nstely  rifling  and  fiilliug  u-itit  a  lashing  or  Cuioing- 
movemmt.  The  nppcaranco  14  not  unlike  that  of  tlii» 
wKvm  in  m  field  of  com,  or  swilUy  mnning  and  rippling 
vatw.  The  general  result  nf  thdr  movements  ia  lo  pto- 
diuw  n  {'ontinous  current  in  a  do(crminat«  lUrcction,  nod 
this  direction  ts  invariahly  Ihe  same  on  tlie  same  eurftoe, 
being  UKually  in  the  ctuo  of  a  canty  towardH  it«  extenial 
orifico. 

I'iet  0/  Epiiht^lium. — ^Tho  voriouH  Icinds  of  opitheliun 
serve  ono  gmcral  purpose<,  namely,  tliat  of  protecting,  and 
at  the  same  time  nindering  smooth,  the  BUTfaoc*  on  which 
they  are  pLiccd.  But  cacli,  nko,  discbargoaa  epocJal  office 
in  relntion  to  the  particnlr  function  of  the  membntne  on 
which  it  h  [liuced. 

In  mucous  and  synovial  membranos  it  is  highly  probable 
that  the  epithelium-ccUs,  whatever  be  their  forms  and  what- 
ever their  other  functions,  am  the  organs  111  which  by  a 
regular  jirocoss  of  elaboration  and  secretion,  such  as  will  be 
afterwards  described,  muciu  and  Bynoviol  iiuid  are  fimnsd 
and  dtscliargcd.     (See  rlinptcr  0:1  SwTetion.) 

Ciliatod  epithelium  has  onothor  superadded  funcdon.  By 
moons  of  the  current  set  up  by  its  cilia  in  the  tur  or  floid 
in  coufuct  with  them,  it  iti  enabled  to  propel  the  fluids 
or  minute  particles  of  solid  matter,  which  come  within 
the  range  of  its  intlueuco,  and  aid  in  their  expulsion 
from  the  body.  In  tJio  respiratory  tract  of  mucous  mem- 
brane the  current  set  up  in  the  air  may  also  assist  in. 
the  diffusion  and  dionge  of  gases,  on  nliich  the  doe 
aeration  of  the  blood  depends.  In  the  Fallopian  tub© 
the  direction  of  the  current  excited  by  the  cilia  is  towai^ 
the  cavity  of  the  uterus,  and  may  thus  be  of  aarriea  in 
aiding  the  progress  of  the  ovum.  Of  tho  purposes  sorvod 
by  the  cilia  which  line  the  ventricles  of  tho  brain  nothing 
is  known. 

The  nature  of  ciliarj-  motion  and  the  drouDutanceB  bf 
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whidi  it  U  iaflnenoed  wUl  ^J0  ooaudcred  lioroafter. 
ch«|iter  on  Motion.) 

£pitli«Uum  is  devoid  of  blood-voKMlw,  and  ljit)[)liaU<s3. 
Vbe  oelU  compoeuig  it  giro  nourished  hy  absorptJoD  of 
natrient  matter  from  the  tiatnica  on  which  ihej  rest ;  and 
aa  they  grow  old  Uxvy  uro  cnst  off  tta<l  roplocvd  hy  nvir  cdl]» 
from  booeatli. 


I 


Areolar,  Cellular,  or  Connfttift  Tittiie. 

This  tissue,  trhich  has  received  various  Dftmes  occordin^ 
to  the  <iuulittC!i  which  «oeinod  moat  importmit  to  the  authors 
who  havo  described  it,  is  mut  with  in  some  form  or  other  iii 
_  GtcTy  K^ion  of  the  bodj* ;  tbe  areolar  tistiue  of  one  die- 
H  trict  boiog,  diroctlj  or  indirectly,  continuoun  witli  that  of 

all   others.      In   moat  ponit  of  the  body  tliis  Btnicturo 

BcontainK  fat,  but  tho  <j)iaiitity  of  Uie  lattOT  is  very  variable, 

rad  in  some  feiv  regions  it  is  absent  altogether  (p.  38). 

^B      *  fig.  S.    FikiOFtitsof  areolar  UiEUP,  in  lurj^r  and  smdlnT  bondlcfr 
^|aiM«n  tuuln-  a  cungiufjiiig  jioti'cr  uf  40odinaictcrs(3tiarpf}'). 
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FroliaUy  no  neim  are  distributed  to  inolar  tiasm  itself, 
ftltliougb  th«}r  pom  through  it  to  vQaa  iitnuturaa ;  and 
although  blood-veasels  are  supplied  to  it,  f«t  tfae^  an 
■poring  In  quniititr,  if  va  except  lliose  destined  for  tlio  tat 
vbidt  18  held  in  its  moshcs. 

Uadw  the  micTciBcope  areokr  tissue  seems  compoeod  of 
«  me^uu-ork  o[  fiuo  fihrcH  of  two  kinds.  The  first,  wluoh 
inakofl  wp  tho  grpntcr  part  of  tho  tissuo,  is  formed  of  vorr 
fino  white  structureleas  fibres,  arranged  closelj-  in  bands  and 
bundles,  of  waro-litcn  apponrunott  when  not  stretdicd  out, 
and  crossing  and  intersecting  in  all  directions  (fig.  S).  Tin 
second  kind,  or  the  yallun-  oluatte  Jibra  (tig.  to),  has  a  mucb 


1:9.  9.' 
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er  and  durher  outline,  and  is  not  arrongod  in  bundlos, 

but  intimately  ciinglod  ivUU  the  first  rariety,  as  more  or 
less  separate  and  well-defined  filires,  whioli  tn-jst  among  nnd 
around  tlie  bundles  of  white  filaments  (tig.  9),     Sometimes 


*  Fig.  9.  Ms]cnlfi*d  vi^w  (if  areolar  tinmin  [Irani  different  ps 
trcatBd  with  ac«tic  «id.  Tlio  «-hilc  (Uuiicntii  ■m  no  limgei  noux,  1 
tho  yBllnw  or  elulio  fibfts  with  llii  nuclei  comp  into  view.  At  e, 
elartie  fil.rc*  wind  roiinil  a  hundic  of  wliilo  I'lliron,  wliluh,  by  th«  efloot 
of  the  Huiil,  i>  infulIpD  ant  bolwcon  tliu  tiim>.  Suina  connMttn  tiana 
(WpuscJM  an  inditiincUjr  wpT<MOl«d  b  c  (SIihihij'}. 


AHEOUn  TISStTE. 
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tbfl  jr^low  fibtcs  diTido  at  tluiir  tain  taid  taiaatoauae  itiUi 
OOidi  otJicr  hy  means  of  tbe  branches.  AmoDg^  t]i«  fibrous 
parts  of  ai'«o1ar  or  couDeclivo  tieitaa  aro  Uttln  nuckor 
bodies  of  TOTKNU  ahapos,  called  conu<aitv-ti*»Hf  eorputete* 
{6g.  9,  e),  soino  of  wbidt  are  prolonf^ed  at  rarioiis  points 
of  their  onUiiui  into  nonll  procoK^cn  wliioli  luit-'t  anJ  join 
otben  Uka  them  proceodlo^  frooi  their  neighboim. 

The  dttef  Ametiona  of  areolar  tisMUe  seem  to  con^t  in 
tho  investment  tmd  mochanical  support  of  rorioua  ports, 
and  as  a  conneotiug  bond  between  such  structures  as  may 
nmxl  it.  Tho  coonBctivv-tisauo  corpuscles,  which,  accord- 
ing to  fieale,  are  small  branched  particles  of  gorminal 
matfa^r  or  protoplasm,  jirobitbtv  uiinistcr  to  tho  nutrition  of 
the  texture  in  vhicti  tliry  iiiv  spntod. 

In  various  parW  of  the  body,  ^,-j_  ^^m 

OBch  of  till!  two  c-ouatituents  of     ^st^^ 
areolar  tissue  which  hnvo  boon  \  (l   'f'l 
just  mentioned,  may  exist  sopa-       ""^  I*" 
rntelr,  or  nearly  so.     TSius  ten- 
dons, iumto,  and  the  liko  moro 
or  lens  ioeltuitii'  strut tures,  are 
formed  almost  oxclusivvty  of  tho 
vhito  fibroua  tissue,  arranged  ac- 
cording to  the  purpose  rctiwinMl, 
fiitbor    in    pamllcl    bundles  or 
membraneous  mofhes;  nhilu  ttio 
j«Uow  elastic  fibrea  are  found  to 
make  up  almost  alono  such  eltts- 
tio  structures  as  the  vocal  conis, 
iha  ligamenta  subSara,  etc.,  and 

to  flotoi  largely  into  tliu  ci>nii>osition  of  tho  blood-vc»els, 
the  trachea,  the  lungs,  and  many  other  pnrl«  of  the  body. 


*  Fijr.  to.    Elw>ttp  fibrci  from  tlic  ItKunnnta  lutifUrn,  mignificJ 
;  MO  di«u«tar«  (^linrxii;;). 
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Id  almost  all  regions  of  Hub  buntan  body  a  larges  or 
ouUor  quantity  of  aiiipon  or  fattij  tinue  u  pRsant;  the 
chief  exceptions  boiag  the  eubcutaneous  tissoe  of  tfa«  ejv- 
llds,  peiuA  itud  KTcitiim,  the  n]-m|ih»  and  tbo  Otvity 
of  the  cranium.  Adipose  tissue  is  sUo  al>soi)t  tram  the 
suljstancvi  of  many  orj^^is,  as  the  lungs,  liver  and  otken. 

Fatty  niiittfr,  not  iti  thn  form  of  a  dlstinfit  tissue,  is  also 
widely  present  in  the  body,  as  the  fat  of  tho  Utot  and 
bratu,  of  tha  blood  and  chyl^  tAc. 

Adipose  tissue  is  almost  always  found  eented  ia  iuTM>Iar 
tieaufl,  and  forms  is  its  mesliea  little  masses  of  unequal 
taxa  and  iirogulnr  oliapi',  to  which  tlin  term,  luliulo*.  It- 
commonly  applied.     Under  the  microscope  it  is  found  to 

I'ki.  II." 


ioni<ist  pssontinllj"  of  liftlo  vewcles  or  cells  about  ^^iluth  or 
ii77*-h  of  an  inch  in  diamelcT,  etich  compowi^d  of  a  iitrue- 
tureltsfi  nud  ce!oiirI«sa  membmni''  or  bag.  Oiled  with  fatty 
mnttnr  which  is  liquid  during  life,  but  in  part  solidified 
after  death.  A  nuoleus  is  alwnys  present  in  some  part  or 
other  of  Iho  coil-wall ;  but  in  the  oniinarj-  condition  of  llifl 


•  Fig.  1 1.     A  «nui'n  rluaUir  uf  fnl-cflls ;  mngnilioi]  150  diiunctcn 

(Slinrptj). 
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«eU  it  is  not  easily  or  aliraya  TisiU«.  The  tutiiiiato  cqU«  ora 
Jiwlil  logothor  Ity  (.(ipiUnry  hlaod-ToaMcLn ;  whilo  iho  lilUe 
«lusleia  tbuB  formed  are  grouped  into  Noall  masMS,  aiid 
lield  M,  in  DiOHt  CUM,  by  areolar  tissue.  The  oily  nutter 
contained  io  the  odls  is  composed  chiefly  of  the  compounds 
of  (atty  acids  with  glyoerin,  vhich  are  oamed  dcin,  stearin, 
and  palmiiia. 

It  is  doubtful  wlicthor  lymphatics  or  nerros  are  supplied 
to  tai,  although  Ixjth  pass  through  it  ou  thoir  wny  to  other 
aAructures. 

Among  the  uses  of  fot,  thorn  scom  to  be  the  chief: — 

I.  It  serves  as  a  store  of  combustible  matter  which 
may  bo  re-atxtorbed  into  the  blood  whun  occasion  r»* 
quirea,  and  being  burnt,  miiy  help  to  jirc-scrvo  the  boat  of 
the  body. 

3.  That  part  of  tho  f<it  vluch  is  Hitoato  beneath  the 
akin  must,  by  its  want  of  conducting  power,  assist  in  pre- 
venting undue  n-iiste  of  the  iu»t  ot  the  body  by  tacaite 
from  the  8Ui£u«. 

3.  As  a  packing  material,  fitt  serves  very  admirably  to 
fill  Dp  spaces,  to  form  ■  soft  and  yielding  yet  uLutic 
niat«rinl  wherewith  to  wrap  tenili?r  and  delicate  structures, 
or  form  a  Itod  with  Uku  qualities  ou  wluoh  such  stnicturos 
may  lie,  unondnngcrcd  by  prcnHUro.  As  good  examples 
of  titnations  iu  which  fat  scrres  such  purposes  may  bo 
mentioned  the  palms  of  tliu  hands,  and  solos  of  tlko  fee^ 
and  the  orbits. 

4.  Tn  the  long  boucs,  fatly  tissue,  in  the  form  knoim  as 
marrow,  serves  to  till  up  tlio  modullary  canal,  and  to  sup- 
[lort  the  small  blood  vessels  which  are  distributed   from 

I  it  to  the  inner  part  of  the  substance  of  tbo  bone. 
Pfjfuwnt, 
tn  various  parts  of  the  body  diere  exists  a  (^nnsdcrablo 
f^uantify  of  dark  pigmentary  matter,  e.g.,  in  the  choroid 
coot  of  tho  eye,  at  tlie  bock  of  the  iris,  in  the  skiu,  etc. 


I 
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In  (ill  tbese  otses  tho  dark  colour  U  doe  to  tho  prcMniOC  of 
so-cnilod  iii(,in<!Ut-c«Ua. 

PigmcDt-cells  arc  for  tho  most  port  polybodnl  (fig.  12) 
or  «[i)i«roidaI,  ultliouttlt  sometimes  tbtiy  hsT6  itreguLu- 
prooeBse«,  lu  Khown  in  £g.  13,  Th«  ctJl-vall  itaelf  is 
Golourlees, — tlie  dark  tint  being  produced  by  flouU  dufc 
granuloii  Itcupod  dose!}-  tog«tber,  uod  more  or  leaa  con- 
cealing the  nucl«uN,  itnlf  colourlen,  vluch  cadi  eell 
vo&taiiu.  The  dark  tint  of  the  ddn.  in  those  o(  dark  com- 
plexion and  in  the  coloured  races,  is  soateJ  cluctly  in  the 


Pig.  la." 


fly.  I3.t 


epidermis,  and  depends  on  tlio  preennco  of  iiigmout-oella, 
which,  esK-pt  in  the  presenoo  of  the  dork  granules  in  their 
intorior,  closoly  regemhlo  the  coloorless  cells  with  which 
they  are  miuglcd.  Tho  pi^nent-i«lls  are  situatn  cliicfly  in 
tho  dncp  liijcr  of  the  cpiderniia,  or  tho  so-called  jvl» 
m  ucosriin  (see  chspt«r  on  tho  Slcin], 


*  Ftff.  IX.    njtineiitcotlH  tma  t3i»  cliQroid ;  mo^dfind  370di*nist(n 

(Honlo).  A,  I'vlls  slJIl  culipring,  atea  ou  tbt^ir  mitre;  a,  nnclms 
indittinclly  Hiito.  Iii  Ilia  ullif^  celln  tl)c  nticlout  in  concmltd  bjr  the 
pigmPDt  gntaulai.  R,  in-o  cells  stca  m  prndU  j  a,  tbe  outer  or  pottcrlor 
art  cuutuuing  scuvdy  nny  pigmimt. 
t  Ftj;.  13.  Bamilicil  pigment  cttK  fi'Uia  tli«  linnuoof  llie  dioiohl 
emtofthooyo:  magnified  JJO'liaiittrr*  (nfterKDllilcw).  ii,cdliw{th 
pigment;  b,  colourleas  rusiluim cdli. 
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Tbe  pj^entarr  matUtr  U  a  very  insolubli;  oompouod 
tof  c&rboD,  hj'ilrogi!!),  nitrogen  and  osygen, — the  cnrboa 
'loTgnl;  pradomiaatinp;  beetdeB,  there  is  a  small  quaatity 
L  of  saline  matter. 

'  The  lUM  of  pigDWDt  in  most  pftrts  of  tko  body  ax9  not 
FdMir.      In  the  «yelaU  it   is  evidently  intended  for  tho 
ption  of  Mpeifluous  luys  of  light. 

Cartilage. 

Cartilae«  or  gristl«  exists  in  different  forms  in  the 
haman  body,  luid  hiw  boon  dkuMiliod  under  tn-o  chief 
iMadfl,  namely,  teoiporary  and  fermiinent  cartilage;  tho 
former  term  beln^  applied  t»  tlmt  kind  of  cartihige  which, 

Iiu  tho  fa>tua  imd  in  yoang  subjects,  is  destined  to  bo  con- 
Terted  into  bone.  The  varieties  of  pennuDCut  curtilage 
have  been  arranged  in  threo  cln««c«,  namdy,  tho  tdb^r, 
the  hifaUn»,  and  the  fif>raui  cartilages, — the  htst-named. 
being  ngiuii  unpablo  of  Habdiriaion  into  tvci  ktudit, 
namoty,  fhttie  Ot  yellon-  cartilage,  and  the  so-called  Jibro- 

(earlUayf. 
Kliutic  cartilago,  however,  coutnios  fibres,   and  Sbro- 
cartjla)^  is  more  or  Icfis  i-lastio;  it  will  be  well,  therefore, 
for  distinction'H   mice  tn   term   litem;  two  Icindx  u>hiU  fibro- 

tcarUlage  and  yeUow  iibro-carlilage  respectively. 
Ilia  accompaoying  tublo  rcpretkeuts  the  etasHiScatJon  of 
tho  varieties  of  cartilago : — 
I.  Tcmponuy. 


I 


a.  P*mi»noit 


(    .K.  CcIIutnr. 
/  C.  FibroBj. 


Vhlto  Abrn-cnnil^e. 
Yrlluw  llhni-uartil^ 


All  kindfi  of  ciirtibigo  are  conipos<?d  of  colb  imbedded 
to  a  Bttbetanoe  called  the  mmrii:  and  tho  apparent 
diflvrencm  of  structuro  mot  with  in  the  vmrioug  kiiidci  of 
oartilagc  are  more  due  to  diflVrfnces  in  the  character  of 
the  nwfrijT  than  of  the  cdIIb.  Among  tho  hiltir,  howtiTcr, 
there  is  also  considerable  diversity  of  form  and  size. 


With  the  exc«j>tioD  of  Uie  aitiicuUr  Tarie^,  eaitilage  is 
itiTMteil  bj  m  t}iiii  but  iongh  oad  firm  Bbroo*  numliMtM 
coiled  the  pfrichrondrium.  Un  the  surfooe  of  the  ttitirular 
okrttlage  of  the  ftutu^  the  periohoDdrium  is  npreseDted  bj' 
a  film  of  opitholium ;  hut  thu  >a  p«da>Ilj  worn  Kwuj  up 
to  the  marE^D  of  the  articular  sur&oee,  when  by  uea  the 
puis  begin  to  siiflcr  friction. 

I .  CeUiiiar  cartilage  may  be  readily  obtained  from  th«  cx- 
tetnal  «ar  of  tats,  wioo,  or  other  iimsll  mammnU.  I(  iscom- 
posed  almoit  entirely  of  cells  (heaoe  iu  name),  with  liltl« 
or  no  matrix.  The  latl«r,  irhen  pRaeal>  oonnsts  of  rery  fine 
fibres,  which  twine  abont  Iho  (H^IIs  in  Tarious  directions  and 
«ndoee  Utem  in  a  bind  of  network.  The  cuIU  uro  [Hicked 
■vvty  cloit^y  together,— (to  muelt  no  tlint  it  is  not  90xy  in  sQ 
coses  to  make  out  the  fine  ltbre«  often  encircling  them. 
Cellular  cartilage  is  found  in  tlie  human  oubjiwl,  only 

iit  enrly  f«etal  life,  when  it 
eonatitutes  tha  CAorda  dar- 
Mulu  (mo  chapter  od  Oenara- 
tion). 

2.  Hi/atiitetrartiltgo  itnut 
vrith  largely  in  the  human 
body, — inreBtiug  the  articular 
t^is  of  bone«,  and  forming 
the  costal  cartilages,  Uki  nasal 
cartitngn.i,  and  those  of  the 
larynx,  with  tlie  exception  of 
the  tpiglouU  and  eomiaila 
lanjngi*.  Like  other  oarlilng«s  it  is  composed  of  ceUn 
imbedded  in  a  matrix  (lig.  14). 


Fin-t^* 


'  Fig.  \t.     A  lliln  layer  ptcM  off  rroin  tlur  iitrfnca  «l  the  ranilofr 

of  tlifl  hoat!  (/f  (lie  Immcms.  allowing  flallcncil  groapi  of  i-'filU.  Tbt 
slirunlteii  vi'H-lmdios  •tp  diwinptlj  wnn,  hut  tlio  liniitu  of  tbi>  n)iMlir 
(jyTitJcB,  wlipte  they  mljolii  nur  •ti'ilher,  «re  but  fiuntiy  imlintod. 
Magnified  ^oa  iliamctetii  i»n«  ShutpcyV 
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cnlii,  which  contain  a  nucleus  with  nurlooli,  nm 
irregular  iu  Bfmiio,  and  generallj-  groni>ed  together  in 
pitt^KM.  Tho  patches  aro  of  vsrioiu  shapos  and  uxo,  and 
pUoed  at  unequal  distances  apart.  Tlie;  generally  appear 
ilatt«iied  n(!ur  thn  Ireo  aurthco  of  the  mesa  of  caitilaga  in 
which  they  are  plackl,  and  more  or  less  perpendicular  to 
the  8IU&C0  in  the  more  deeply  seated  portions. 

The  nuitnx  in  which  they  are  inibodd«d  hn*  a  dimly 
granular  appearance,  like  that  of  gTOund  glass. 

In  tbu  fayalini;  rartilage  of  the  ribs,  the  colhi  ore  mostly 
larger  than  in  th«  arUcularToriely.  and  th«ro  in  a  tendency 
to  the  derdopment  of  fibres  in  the  malrix,  The  oostal 
«arttlagcn  tilfto  fri-qtwntly  bccomo  oii.ii6cd  in  old  ogv,  as 
al»o  do  some  of  those  of  thi>  lar^-nx. 

Temporaiy  curtilngo  closely  resembles  tlie  ordinary 
hyolino  kind :  the  cells,  however,  are  not  groupifd  togiithcr 
after  tho  fashion  just  deaoribed,  but  are  more  unifonuly 
tliatributcd  tliroughout  tlin  matrix. 

AiiicuUir  hyaline  cjirtilnge  is  reckoned  among  the  so- 

I  called  rton-tvwfu/ur  struclures,  no  blood-vessels  being  sup- 

plii;d  dirortly  to  its  onu   siili^ttincfi ;  it  is  oonriithed  bj 

» those  of  tli«  bone  beneath.  When  hyaline  cartilage  is  in 
thioher  masse*,  as  in  the  c^ee  of  the  cartilages  of  the  riha, 
a  few  blood -Tcs:;cbi  trnrcrso  its  substtmco.  The  distinctioD, 
faowem',  between  oU  so-called  rn*culiir  and  non-ratcutar 
parts,  is  at  tlio  bmt  a  very  arli&^iiJ  one  (see  chapter  on 
I  Nutrition). 

Xervea  are  probably  not  supplied    to   any  variety  of 

Jage. 
Fibraui  cartilage,  as  before  mentioned,  owura  under  two 
chief  formx,  tbn   yi-llom  niid  the  ukilf  fibro-cnrtilngn. 

yrf/oir  Sbro -cartilage  is  found  in  the  estemal  ear,  in  the 

''^i^ottin  and  coruicula  lurynjfiii,  and  in  the  eyelid.     Tlic 

«ells  are  rounded  or  oval,  witli  well-marked    nuclei   and 

Hnudcoli.   Thu  uiHtrLx  in  which  tbey  arc  seated  is  composed 

^Mlinoat  entirely  of  fine  fibres,  which  form  an  intricate  inter- 
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hoecoent  about  the  cells,  and  in  their  gansnl  dutracton 
■lu  oUiod  to  tti«  relluvr  rartoty  of  fibrous  tisiHi  (fig.  I  $), 

White  fibra-«utUiigo,wlu^ 
is  mtK'h  tnoTO  widoljr  distri* 
buted  throughout  the  body, 
llian  Hvi  totvgmixfc  kind,  is 
composed  like  it,  ot  ceils  BUl 
R  matnx ;  the  latter,  hovorer, 
being  made  up  almost  entirdj 
of  fibrM  dowly  TeMmUlog 
tltoee  o(  white  fibrous  tisnie. 
lu  thin  kind  of  fi^bro-Ott- 
tUi^  it  is  not  uQosual  to  iind  a  great  part  of  its  maaa 
oomposod  almost  exulusircly  of  fibrea,  and  desening  the 
name  of  oartilagio  only  from  the  fact  that  in  unuth^ir  por- 
tion, continuous  vitb  It,  cartilage  cells  may  bo  prelty  freely 
dtatribated. 

The  different  dtu«tions  in  which  ichite  fibro-cnrtilngo  t> 
farmed  bare  gircn  rico  to  thi)  foUoving  daasificatioa : — 

1.  /ii/t^r-nrticti^r  fibro-cartilogo,  «.•!.,  the  Mmilunai- car- 
nages of  the  kn«o-joiut. 

2.  Ciixum/errntiat  or  mar^itial,  as  on  tlie  edges  of  dlA' 
aoetabuluDt  and  glenoid  cavily  of  the  sciipuU. 

3.  CtnmtctiHg,  e.g.,  iho  iutt^r-vertebml  fibrocartilagea 

4.  FibroHMirtilAgv  is  found  in  tlio  slioaths  of  tendono, 
and  eometimea  in  their  substance.  la  the  Latter  lutualion, 
the  uodttlc  of  tibro-cortilnge  is  mllod  a  laamoid  fibro-oorti- 
lage,  of  which  a  epecimca  may  be  found  in  the  toodon  of 
the  tibialis  posticus,  in  the  solo  of  the  foot,  and  usooUy  ia 
tlio  neighbouring  tendun  of  llio  pnroucus  longus. 

The  tun  of  cartilage  are  the  following ; — in  tho  joints,  to 
Ibmn  ntiiooth  sur&ioea  for  easy  frlctiou,  and  to  act  aa  fr 
te^r,  in  shocks ;  to  bind  bones  together,  yet  to  bUow  a 
oertaia  degree  of  movement,  as  between  the  veitebne ;  to 


•  Fig.  IS- 
ifalrl. 


Stcliou  or  till)  qiiglutlis,  niaj^iillfd  380  iliBiiiafcn  [Dr. 


BOXE. 


45 


I 


»  Grm  fmoicirftrk  nnil  protoction,  yot  witliout  undue 
atiffiu83  or  iredgbt,  as  in  tke  Larjnx  and  ch^et  wnlls ;  to 
deapen  jolnb-cafities,  as  iu  tita  uci^tabuliim,  j-cil  not  so  as 
to  restrict  ths  moTements  of  tho  boocs ;  to  bo,  wlioro  such 
qualities  aio  required,  firm,  tough,  flexible,  elastic,  and 

Sirueturt  of  Bona  and  Teeth. 

Bone  U  oompoxed  »f  torihy  and  aniwat  matter  in  thie 
.^Oportion  of  about  67  per  cont.  of  tbo  fnrmor  to  33  per 
eent  of  the  latter.  The  eej-thy  matter  la  composed  chiefly 
of  pkoMpiaif  of  limn,  htit  li(>-iid<^s  tlicro  iit  a  Maatl  quantity, 
about  1 1  of  tho  67  per  cent,,  of  earbojian  of  limo,  with 
minute  qoanlities  of  some  other  salts.  The  animal  matter 
is  rvHolrud  iiito  gi'Iatiiin  hy  boiling.  The  earthy  and 
animal  constituents  of  bone  are  so  intiinnMy  bWdod  »»d 
iDcorporated  the  one  wUb  tliu  other,  that  it  is  only  by 
chomical  action,  a»  for  inotAnce,  by  heat  in  one  case,  and 
by  the  octiom  of  acids  in  another,  that  thoy  con  be  sepn- 
rated.  Their  doso  uiiiuu,  too.  Is  fiu"tber  shown  by  the 
fact  that  ichen  by  acids  the  caitliy  inatlvr  is  diJBtolved  oat, 
or.  00  the  other  band,  when  the  animal  port  is  burnt  out, 
the  general  sliupn  of  tint  bane  is  alike  preserved. 

To  tbo  naked  eye  there  appear  two  kinds  of  Ktnictun 
in  different  bones,  and  in  different  parts  of  tho  same  bone, 
namely,  the  Jeme  ur  eompaet,  and  the  canreUoue  tissue. 
Thus,  in  mnking  a  longitudiaal  section  of  a  long  bone,  «.s 
the  humerus  or  femur,  the  articulax  extrcmitios  ar«  found 
e^>ped  on  thnr  enirfuce  by  u  thin  shell  of  compact  bone, 
iriiilo  Uietr  interior  in  made  up  of  tlie  spoiig}'  or  eanccUota 
tiaeue.  The  ahaft,  on  tlie  other  hand,  is  formed  almost 
entirdy  uf  a  tliick  laynr  of  tho  compact  bone,  and  this  sur- 
rounds a  central  canal,  iho  uwdullari/  cavity— eo  eoUod  from 
its  containing  tlio  vuduUn  or  tfiarrdr  (p.  39).  In  the  flat 
bones,  as  tho  parietal  bone  or  tho  scapula,  ono  layer  of 
the  cancoUoua  struc-ture  lies  between  two  layera  of  the 
compact  tiiHTiic,  mid  in  tlin  iibort  and  irregular  bones,  as 
those  of  the  enrpm  and  tarsui,  tho  caSceUous  tlsBUfi  nAoDB 
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fills  Uio  interior,  wliilo  n  tliia  sbi^  of  compact  bone  farms 
tbe  outside.  Tlia  spaces  in  Uifl  cancelloiu  tusuo  ore  fillod 
}xf  a  Kpcides  of  marrow,  wliicli  diSen  €C»ii«denbty  fiom 
that  of  ih«  shaft  of  tha  long  bones.  It  it  ntoro  fluid,  und 
of  a  rodiliab  colour,  and  oontuns  vm;}'  few  fat  cells. 

Th«  Hurraccut  of  boncn,  flxccpt   tKo  porta  wwrcd  vciHi 

nrticoUr  csi-tilago,  are  clothed  by  a,  tough  fibroos  tnom- 

brano,  tho  penoiltum:    und  it  ia  from  the   blood-veMels 

wliidi  aro  diMlribiittKl  firitt  in    tlii*  mombriuiL',  that  the 

/-J.  i6.' 


bonos,  ospociolly  their  more  compact  tiiMui>,  am  in  great 
part  auppUeJ  with  nourishment, — miniito  branohes  frnu 
the  pvriostoal  resscla  cntrriog  the  little  foramina  on  tl]9 
rorface  of  the  bone,  and  finding  their  way  to  tho  Harorsjan 
canals,  to  bo  immedlalel}'  dcanribcd.     The  long  bones  are 

•  Fi]{.  16.  TnKun'ir**  »iiii"ri  of  I'oiupapt  tiBaiie  (of  hntttoraiif  man- 
■ii6cd  alxiut  i;o  ilininiilTii,  l"irpe  of  the  lluvtrrrinn  muili  am  Mon, 
with  tliPii  cnutciilrit.'  thigt ;  also  iIid  corpuuJM  or  Ucnnin,  with  the 
c»iioli(iuU  eitpiidiiig  from  tlicm  acton  ihc  dipr-plioii  of  Ui«  InBiglln.  Tlio 
lIoFcniiiri  njiprluru  hud  t^ot  lilkd  h>i!i  (Ulitia  in  (;rintlSiig  (lown  the 
Knction,  nnd  tlirnfaro  itpprnr  blark  in  tint  li>;i.iri:,  wbich  ivpmcat*  tha 
object  aa  vivrtd  willi  tnui»mltt«>l  \\i^\  (,nt\*i  ftbAT^-jV 
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I  ftni^licd  ftl£o  by  a  proper  ntiirient  artery,  which  entwini; 
at  eome  paii  of  On;  tAi&it  to  as  to  mu-h  tlic  modullitry 
ctknal,  I>ml»  np  into  brnnchoB  for  the  eupply  of  the  marrow, 
bora  nfaich  again  umall  vetisek  aro  distributod  to  th«  inte- 
rior «f  tho  bono.  OlhcT  eninll  Wood-VMeels  pierce  the  aiti- 
cul&r  fixtrcmitios  for  the  supply  of  tho  caacelloiu  timito. 

I  Nolwitliituiiding  tlio  di^r^niiiK-s  of  unrngement  juat 
moDtioned,  tho  structure  of  all  bono  is  found,  ODdcr  tha 

tmicroaoope,  to  be  eaaentially  the  same.     Examined  with  a 
rathor  high  powtir,  it«  mbaltuioo  is  ibund  occupied  by  a 

multitude  of  lillls  spaces,  called  laeuna,  with  rery  ninuto 

uuiaLi  <ir  eanalicuU.  as  tlury  are  termed,  hsoding  liom  them, 

and  Anastomosing  vrilh  similar  little  proloui^tioiia  &om 

other  lactuuu  (fi^.  |6).     In  very  Uiia  Iuy<^ni  of  bone,  no 

othvr  cmidi  tluui  tliMKi  may  be 
■  viaibto;  but  on  making  a  tronsvtrrso 
V  wctaon  of  tbt)  compact  tiMue,  e.ij., 
H  of  n  long  bone,  as  tho  humerus  or 
H  ulna,  tho  arrangement    sbewn  in 

fig.  t6canbo  seen.  The  bonowjemB 

mi^pped  out  into  small  circular  dls- 
B  triL'tM,  at  or  about  thn  centre  of  each 
"  of  which  is  a  hole,  and  nroimd  this 

an    appearoDco    as    of    concentric 

hiycnt — tlin(rtrun«  and  canalictili  fot- 

lou-ing  the  same  concentric  pliin  of 

distribution  around  the  small  hole 

in  tho  centre,  with  wliich,  indeed, 
_  Ihcy  communicate.  On  making  a 
H  longitadinnl    miction,    the    central 

Im^  are  found  to  bo  simply  the  cut  extremities  of  smaU 

nuals  which  run  lengthwise  through  the  bone  (fig.  17),  and 


I 


Rg.  17.     Hareniiiu  caB«Iii,  won  in  a  loDKitnilinitl  scctiou  of  tho 
Ruapwt  tteo*  of  iKe  thaft  of  one  of  the  long  botwo.   u,  ArterioJ  i*u»l 
h.  Tfnou*  canal ;  c;  DUitatian  of  KBothcr  vsnooi  cniuil. 
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an  called  Havemaan  canab,  utter  tho  name  at  thu  phy- 
MdftD,  Clopton  IlATpn,  vho  first  acciirAt«ly  deecribed  timn. 

Tlie  HaretsiaD  caiiab,  the  aveaage  diameter  of  Tliioli 
U  ^rii  "^  ^B  indi,  contain  blood-TOOwla,  and  hj  mcoaa 
of  thorn,  Uood  is  conveyed  to  all,  erea  tha  deosest  parts 
of  the  bone ;  the  minute  canalifulj  and  laouniD  abaorbing 
natti«iit  mutter  from  tlie  Hitvcrsian  bIood-Twad«,  ttoi  COB- 
▼ejing  it  atiU  more  intimately  to  the  very  sobetanoe  of  the 
bone  whidi  they  travcrw.  Tlie  blood-mneb  euler  the 
llaTOTsian  cunals  both  bom  without,  by  bntTcmang  the 
small  boles  which  exist  on  the  surface  of  all  bones  beiwa& 
the  periosteum,  and  from  within  by  meonsof  smnll  chaniwil, 
which  extend  from  the  medullary  cavity,  or  from  the  can- 
oellous  tissue.  According  to  Tu<l<I  and  Dowman,  tlie  arteries 
and  veins  usuiilly  occupy  soparate  canals,  and  tito  vein* 
which  are  the  larger,  onen  present,  at  inegular  intervals, 
small  pouch-like  dilatations  (%.  ly). 

The  laruua  are  occupied  by  nucleated  cells,  or,  as  I>r. 
Beale  expreases  it,  minute  portions  of  protoplasm  or 
germinal  matter ;  end  tliero  is  every  reason  to  beUovD  Hut 
the  lacunar  cells  are  homoloj^us  with  tha  oorpueclee  of 
the  connedirfi  tissue,  each  little  particle  of  protoplimm 
miiiistoring  to  the  nutrition  of  the  bone  immedJAle^ 
surrounding  it,  and  one  lacunar  particle  communicating 
with  another,  and  with  its  surrounding  district,  and  with 
the  blood-vessels  of  the  Haversian  canals,  by  means  of 
tlie  minuto  streams  of  fluid  nutritmt  matter  which  ocvujij 
the  eanalUuii. 

Besides  the  concentric  lamella  of  bone  tissue  wltioh 
surround  the  Haversian  caual  in  the  shaft  of  a  long  bone, 
ore  others,  especially  nenr  the  circumference,  which 
surround  the  whole  bone,  and  are  arranged  conoontrically. 
with  regard  to  the  medullnry  c.anal. 

The  ultimate  structure  of  the  lamella  l^peon  to  be 
reticular.  If  a  thin  film  be  peeled  olT  the  surfaoo  of  a  bono 
from  which  the  earthy  matter  has  been  removed  by  odd. 
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H  and  exAtnined  with  a  biph  pnwer  of  tb*  mEcrcwoope,  it  vili 
H  b«  fiHinil  oomfMiiuKl,   aooonlin^  to  Sharpejr,   of  *  finely 
™  rcticmlmr      ntnctura,     ibnned    ap- 
pHTentl/    of    T«ry    alcndur     fihiws 

(deotuaadn^  ol)liqn«ij,   but  coftles- 
ang  at  Ih^  points  of  iutersfHttion,  aa 
if  here  the  Dbrea  wore  fitMxI  ratlicr 
titan  wiivrn  titgftlha-  (fig.  iS), 
In   many  pUc«a  tbeae  rodcular 
lamellin  un  {lerforatiii  Iiy  tapering 
Lfitmtii,  iTKCinbling  id  character  the 
■ordinary  irhit«  or  rarely  tho  «lu«tie 
[fibruua  tiavuc,  whii^h  l>o1t  tho  nmgh- 
Jboariag  ImnoUm  tog«tb«r,  and  may 
|l)e  dntvn  oat  vheo  the  latter  are  torn  ssundor  (fig.  1 9). 
Bone  is  devdojiud  afU^  tiro  diifcrant  fiufaiona.     Id  oqo, 
tiMUO  in  which  the  earthy  matter  if  Iniil  down  in  a 
nembrant,  oomiiOBed  muiuly  »f  Hhrcui  and  granular  cells, 
e  imporfwtlf  dovoloped  connectjvo-tifwuon.     Of  thU  kind 
oanfication    in  mejnbmne.  the  flat  bones  of  tho   skull 
<  examples.    In  t)iL>  oiIut.  and  munh  more  common  caae, 
wluch  a  long  bone  may  be  cited  as  on  inntuucti,  thu 

doD  takes  place  in  eariilage. 

hi  moat  bones  omiG'^utinn  liegina  at  mora  tlian  one 

t;  aod,  from  these  teiitrt*  of  fMifiiatian,  an  thity  are 

the   procesa    of    deijusiuou    of    calcareoun   matter 

ladvaucea  in  nil  directiouK.     Uoikw  grow  by  constant  de- 

v<-lojinicnt  of  the  cartilage  or  membrnno    l)rtw«!ii    th<!Ho 

■  centres  of  osailicatioD,  until  by  the  process  of  caJciScation 

Svandiig  nt  a  quicker  rat"  tlum  tho  dcvtilupuieut  of  the 

structures,  the  bone  becomes  impregnntfid  through- 


^i|.  18.  Tliln  UytT  pnrlfKl  oD  IVoTn  >  aonAaiul  Imnc,  on  it  appcnn 
«  iiugni^nit  ]<awHr  uT  400. — TliU  flitur*,  which  in  Inlorxlnd  to 
'nt  the  n-liciilur  «tiuclur«  of  «  l.-iiiirUn,  )tin«  «  bctWc  idea  oJ  thfl 

*ct  wlien  licM  rnllior  Iftnl>«r  ull  thui  uaatl  [rnm  Uic  ays  (frran 

irpeyi. 
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out  vith  caIcatpoiu  mattar,  aai  atn  grow  tio  mote.  In 
the  \ixog  honea  the  mnin  cttntrmi  of  owifiotiun  lua  seated 
At  tho  middlu  of  tlio  aliaft,  and  at  each  of  thfl  extremitM*. 
lacrease  of  the  Ungtk  of  bonos,  tkcrefoTC,  occujb  at  the.  p*n 
vhidi  mterrenes  between  tlio  oMifying  contro  ia  the  bIuA 
t-is.  19.* 


"V 


V 


« 


'■.>,;/-■ 


and  that  at  each  t'xireiiiit; ;  while  iiiLTease  in  thicJcueas  takea 
plaCB  l>y  thu  furiiiu(ii)ii  of  tnyors  oKf«oiis  tiuuo*  bcnwlh  i 
the  jMrirMlewn.     The  former  ia  an  esample  of  ty^9fl»Hrfn  j 
in  cartilage ;  the  liittvr  of  oHtiillcjition  in  luemhrane. 

TesUi. — A  tooth   is  gcnercdly  described  ns  poneasing  a 
croien,  timAt.  mid  /eiri^  at  Janijs.     The  froim  is  the  |>ortioii 
n'hich  jitujei-'ts  ht'j-oiid   the  levei  of  tho  gum.     The  mvJfc  it  i 
that  cdutiicted  portion  jiist  below  the  croirn  vhiob  i*J 


*  Fi^.  t%     tiimrllir  torn  olT  fi.-mi  a  dci-uUillQil  himian  parictll  boot  J 
kt  BODic  cji'iitli  finm  tlip  amrnH!.    a,  n  lainplln,  ihrwloif  rcIioiUT  fit 

librfx    Apvrliiira  tlifonKli  utikti  |>i'rfi>iiilii]^fil>nw  \t»<\  pManl.  tni 
(■pcciallj  111  ilifl  louur  ['.irt,  n,  a,  or  llir  ligtirr.     tU^itnde  aa  sca' 
■mk/  a  fnwrr  uf  aoo^  but  nut  dnvin  to  u  kjU*  (rrum  ■  dniring  I7 
Dr.  AU«a  Thuuvju). 
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rembraoed  bj-  the  fit«e  edges  of  tho  gum,  Bud  Ui«  /(in$ 
L  includes  all  below  this. 

On  making  a  longitui]inal  section  tlirougli  the  centce 

ratootli(%s.  20&ad2i), 

ia  found  to  bo  priud-  ^''  **■' 

\f  cumpotwd  of  A  hard 

matter,  Aeniine   or  ivory; 

while   iu   the  onntro  thin 

dentine  is    hollowed    out 

to  a  odTity  rammliliDg  in 

gciuTal  ahajw  thv  outline 

of  the  tooth,  and  called  the 

uJp-cartiy,  from  ita  L-ontuiiUDg  n  very  rasciilnr  imd  seDfi- 
tivti  little  man  compoeed  of  connective*  tixBue.  blood-rewel* 
wid  nerviw,  which  is  called  the  initih-putp.  Tliu  pulp  in 
[vonlinuotu  below,  through  an  <^ning  at  the  mtl  of  the 
',  with  the  muDoua  membrane  of  the  gum.  CajipiiiK 
at  of  tho  dentine  whidi  projeota  beyond  tlie  levd 
.m,  ia  a  layur  of  vi-ry  Imnl  cuhyireoiis  matter,  tltft 
nut,  while  Khouthing  the  portion  of  dentine  whitfa  is 
lealh  the  lorol  of  the  gum,  ia  a  layer  of  true  bone,  called 
le  etmtnt  or  cniita  pctrom.  At  tho  nm-Jc  of  thit  Imoth  tbn 
CFnt  is  exrcodingly  ttiin,  but  it  gradunlly  becomes  thicker 
it  approaches  and  eovers  tbo  lower  end  or  apex  of  thu 


fc 


or  ivory  in  chemical  composition  cloady  re- 

tfiltt  bone.      It  contains,  howorer,  rathi>r  lens  niiiraal 

mattrr;  the  proportion  in  tOOpartsbeingabout28ofiiiii'fnA{ 

alter  to  72  of  rt»r(Ay.    Tli«  former,  like  the  anininl  mailer 

bone,  may  bo  rwtolved  into  gelatin  by  boiling.     The 


"  FifrSO,  Stctions  of  mi  IncinoriiiidMoliirTooiIi. — Tlip  1an|^lailiii>I 
[Stottoiu  thant  &e  wholo  of  Uic  ()ulp-cBvity  in  the  iiitistrr  nad  niolur 

rib,  it*  extctiaiiin  u|)w.inl>  within  tho  crovn,  uid  iu  [tfolanjcatlon 
[iloiniirwib  int4  the  f«ng>,  with  Ibc  iniall  npciturc  At  iho  point  ot  inuh  -, 
!..llieH  uu]  llu  ertm  aectloa  iliov  iIm  rvlntlon  of  ilic  d«ulia«  mui  "uviuul. 
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earthy  matldr  ui  made  up  «bieflj  of  phoephste  of  lime, 
with  u  Ninttll  portJOD  of  th«  ourbonats,  ond  tracts  of  MMn* 
otbm-  «tJta. 

Und«r  tho  mieroeoope,  dentiiM  i* 
M>im  to  W  finely  <'.hiuin<;Ilc<l  bj  a  mnl- 
titude  of  fine  bil>es,  whii^h,  hy  thor 
iiiuec  MiiU,  (oniuiuuiaitA  with  tlw 
pulp'Caritf ,  uid  hj  thvir  outer  oxtv^ 
mitiM  come  into  coDtad  with  th»  undtr 
part  of  lh«  «Daiiiel  anil  c«me:A,  and 
•omotJinM  oTvn  luMtnttrnto  tbnia  Iw  a 
gTfinler  or  lees  di^tanoe.  In  their 
course  from  the  pulpi-avity  to  lh« 
Hni&oe  of  the  dnitino,  thoM)  miniitf 
tubea  fonn  i;:«nUe  aad  nearly  parallel 
curves,  aiid  divide  uud  nibdivl^ 
dichntomouily,  but  witliont  much 
lessening  of  tlieir  calibre  until  thef 
are  approavhiug  thuir  peripheral  ter- 
nilaation.  J'roin  th^ir  eidc«  proceed 
other  esceedingly  minute 
canaU,  which  extend  into  tho 
botwocn  the  tubuW 

Ttie  tubulcii  of  the  dentine,  the 
arernge  diameter  of  whieh  at  thnr 
inner  and  Inrgor  extremity  i§  ^tW  °^  "^  iac'h,  contain  fine 
pralon^lions  bom  tho  loathjiulji  which  give  tho  daotiiin 
a  oertnin  faint  eensitivenen  under  ordinary  drcumebmoGl, 
and,  without  doubt,  have  to  do  aim  with  its  sutridoB. 


*  fig.  II,  Uagniliwl  IiaiigiludintJ  SeclioD  of  »  Biciupid  Tvotii 
Wter  Rftzina) — I.  Ilia  irory  or  ilcntins.  ■howlii);  the  dlr«otion  uti 
primiry  curvra  of  tba  dental  tsbuli ;  j,  tho  iiulp-carity,  with  tli* 
BUinll  BinTturoi  of  Itfl  lukuli  into  it ;  3,  th»  crmciit  or  cnut»  potnoM, 
cflVFiiug  thr  fang  u  high  u  the  borilor  of  tho  cuunisl  Rt  tli<  nnik, 
ethihiling  Iofudii:  ;  4.  tlm  enamel  rMting  on  tlio  dcntint ;  thU  btu  baM 
worn  kway  by  dm  fnm  tlie  up|>cr  put. 


eeconduoL 


TEETfl. 


53 


Tbo  oumd,  which  u  bj  f&r  tfaa  hardoit  portioa  of  ft 
tooth,  L8  compoeed,  ch«inicAllj,  of  th«  mub»  dements  Uiat 
Bbter  into  tho  oompoaitton  of  d«Dtioe  and  botie.  Its 
•Btmnl  matter,  however,  nmouiits  onlj  lo  it)N)iit  2  or  3  per 
;CenL 

Exaniints]  unilnr  tlio  microscope, 

lei  is  found  conipoiH>d  of  finit 

>nal  Jibrea  (figs.  23  and  23^ 

lire  wt  on  <Tiid  OR  tlie  aur- 

/aco  of   the  dentino,  and    lit  into 

depn:«iioiis  in    the 

twn]«.      Thejr  r«diata    lu   auch    a 

manner  ftom  the  d«Dtiiio  that  at 

Ithe  top  of  the  tooth  they  are  more 

r  liM  Tvrtioal,  whiU  towards  tlie 

■idee  Unejr  tend  to  the  horizontal 

ireotion.      Like     the    den  tine- tu- 

bulRK,  Ihoy  aiw   not   Htnught,  IjuI 

iepoeed     in    .wavy    nnd    porollcl 

The  fibres  are  marked  by 

tranBrenw   linfui,   and    are  raoatly 

•olid,  but  Bome  of  them  contain  a 

Tery  iniuul«  cauaL 

Thn  <mamid  itx^lf  is   coat«d  on 
the  outside  by  a  very  thin  calcified 
ombrano,   sonxttimes   termed  tha 
cuticU  of  the  enamel. 

The  cnuld  petrata,  or  cement,  i»  mmpoeed  of  true  bone, 
Mid  in  it  nrr  liu^nnm  and  cnnalicuU  which  fiometim«e 
communicate  with  the  outer  finely-branched  euchi  of  the 
dentine- 1  lib  tilfB. 


'  Tig.  13.  Tbia  isetiMi  of  tko  ciuurcI  uid  a  put  of  the  dcntjaa 
lAom  KitUikot;  ^-  a,  mdcDlu  pcllldo  of  tho  »o»m*\ ;  h,  •iwmcl  Kbf^ 

Ier  eohtniu  «ith  SMniM  b«t«ivii  Uiem  and  eroM  Mrlv  ;  e,  luRU. 
^vitiM  ia  llie  •namgl,  communiciiUiig  witb  ths  txtrtmilite  ot  loma  of 
llie  tnbuli  f,it). 
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Ihv^opnunt  cfT€eth. — Tho  t«eth  nro  dOTcloped  aft«ri]i« 
fbUowing  manner: — Along  the  free  eigo  of  Uw  tootli- 
tew  gum  ill  tlic  fintus,  lb»re  exteiidii  a  grooro,  or  nnall 


B 


trench,  lh«  pn'miffiv  (/«i(af  iirovrr  fGoodwr),  mkI, 
bottom  of  this,  prc-ject  ten  ^iurU  pro«*MM  of  mucwu] 
brane,  or  papilla,  containinfc  blood -vMsels  and  ncrrea.     Asl 
th(!W(  papilla  grow  «]>  from  below,  the  edges  of  the  muQ 
trench   begin  to  grow  in  townrds  each  otbnr,  and  over- 
bbadow  thcDi,  tit  Uio  same  time  that  each  papilla  is  cut  Olt ' 
from  it«  luiighbour  hy  the  estensioii  of  a  ]>artition  mllj 
from  th«  gum,  vhich  grows  in  from  each  »idn  to  scpiLnhi| 
the  one  from  the  other.     Thus  doeed  in  above  and  ill 
arouud,  i^ach  dental  papilla  is  at  length  oontaiiied  m  s| 
SBpnrnte   «nc,  and  grndunlly  nssumcs  Oir.  chnnu^or  of 
tooth  hy  deposition  on  its  surface  of  the   varioos    haid  | 
matters  irliidi  have  been  just  enumerated  as  ciompoeii^  j 
the  gTE^ntcr  pnrt  of  n  tooth's  eiibetaDre.    The  mnnll  VMCulir  1 


*  Tig.  33.  EnHMl  fibre*  (from  Ebllikn)  ^.    A,  tngumutit  anil 
riof^ft  flttfetef  themanel,  iwlatud  by  ili*  action  of  bydnchlunoKM-f 
B,  «orfaMar«taii«urt«g>nieu  of  cuiuiif),  allowing  tli*  IwngMMl  1 
of  the  Qliru. 


DEVELOPMENT  OF  TEETH. 


papilla  is  groduftlly  eocroacbed  upon  and  impriMncd  I7 
tfae  Golcnreoiu  doponit,  until  only  a  nuaU  part  of  it  is  IcH 
M  the  teoA-pvip,  which  rmutios  shut  up  in  thn  harder 
subatODoe,  with  only  the  before- mentioned  amail  commuiu- 
OBtioa  with  tho  <nitni<I<^,  through  tho  naA  of  ilio  fon^.  Id 
this  muLoer  the  firat  set  of  toeth,  or  the  mUk  tftih,  kv 
fiwrned;  and  each  tooth,  liy  degrcea  derclopiui*,  preoMA 
U  Imgth  OD  th«  w«ll  of  tho  sac  enclosing  it,  and  oaoaing 
ita  absorption,  is  nii,  to  use  a  CiuniUar  phraso. 
H  The  Umpontry  or  miU:  tttth,  having  only  a  rery  limiW 
^  tOTm  of  existence,  gradually  decay  and  nro  »!khI,  whilu 
the  permanent  leeth  puaJi  tlieir  way  ftom  beneath,  by 
gndtul  inoxuuo  and  drvrlopmnnt,  ko  aw  to  succeed  thora. 

Tli«  temporary  teeth  are  ten  in  «ach  jaw,   nnmoly,   four 
mei»on,  two  rant  nn,  and  four  mala  n,  and  are  replaced  by  ten 

•  pi'nnanoDt  treth,  onch  of  whirl)  is  di^volnpiid  from  a  small 
sac  set  by,  so  to  speak,  from  tho  sac  of  the  tomporuy  tooUi 
which  preoodeii  it,  and  called  the  cavity  of  rnerre.  The 
Bunbw  of  Hm  permanent  tocth  is.  however,  incrcnaod  to 

•  axteen,  by  the  derelopmenC  of  three  others  on  each  side  of 
th«  jaw  after  miidi  tho  aaine  fbaluon  as  that  by  which  the 
nilk  toeth  w«ra  UmdwcItcs  formed.  Tho  bc^nning  of 
the  deveJopmeot  of  the  permanent  teeth  of  course  tal:es 
plaro  long  1mC:>t«  the  futtiny  of  those  wliich  tliey  are  to 
succeed ;  one  of  tho  finit  acts  of  tlio  newly-formed  littla 
doutjd  Hiic  of  u  luilk-lootli  being  to  set  aside  a  portion  of 
itself  as  tho  g«rm  of  its  socceeeor. 

E  following  formula  «hows,  at  a  glance,   tlie   com- 
j  arran^ucut  and  number  of  tho  temporary  and 
ent  teeth:— 
n 
II 
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Vrom  tim  fonntilit  it  will  )>«  emmi  that  tfae  two  biouqiid 
teeth  iu  ftio  lulult  nro  the  succemon  of  tho  two  oiulan  in 
the  diilil.  They  dilTer  from  tbem,  howeret,  in  wmm 
rcnpeots.  the  temporary  molan  harin){  a  KtroDger  Ukeneie 
to  the  pennanait  tliau  to  their  iinmediato  (iescpnilaiitit,  the 
BO-tiUli-il  bicuspida.  Tlie  tOToporarr  incison  and  coainas 
diff«r  but  llitltf,  except  in  their  sntallor  size,  Iram  Iheir 
■uoccMors. 


CHAPTER  V. 


THS   BLOOB. 


Altbopqr  it  may  seem,  in  some  respects,  uiudTiaable  to 
deacriha  tfao  blood  bafwa  «nt«ring  upuu  tho  physiology  of 
(hoao  auhMrrviant  procesaaa  which  havo  for  tltdr  and  or 
puipose  its  formation  and  derelopment,  yet  there  an 
many  zaaaona  for  taking  such  a  courMi,  nud  n«  may 
ther«fi»e  at  once  proceed  to  oonudei'  tlio  citructural  and 
chemical  conijtositiou  of  this  fluid. 

Whcrovdr  blood  cnn  bo  sc«n  under  a  modorataly  high 
mieroMope- power  as  it  liovra  in  the  vesaels  of  a  Uring  part, 
it  ap^iearit  a  colourless  fluid  contaiuiug  minut«  c<^ured 
particles.  Tho  greater  part  of  these  particles  aro  reA,  wbon 
seen  tii  manf,  and  they  ar«  tJie  aoun.*  of  the  colour  which,  »o 
tai  as  tlie  uaked  eye  cau  eee,  belongs  to  erray  ptU't  of  the 
blood  nlike.  Tho  colourless  fluid  is  named  liquor  tanguinit ; 
tho  particlea  are  the  hlood  corjtuMUt  or  blood-cdU.  The  struo- 
tural  L'om£>uBittoa  of  llie  blood  may  !.« thus  cspreesed : — 

Liquid  Blwd  J  ,  -         s      -    ■  Jwowwlwerum.) 

(     01  Ptainia.  j  Seraia 

Wlien  blood  flows  from  the  living  body,  it  is  a  thickiih 
heavy  fluid,  of  a  bright  scarlet  colour  when  it  comes  &om  an 
arteiy ;  deep  purple,  or  nearly  blade,  when  it  flows  troia 


a  vein.     Ila  specific  firovity  at  6o'  F.  i»,  on  an  &v«riig«, 

1055,  llmt  of  yeutvt  hc'mg  ruckonotl  M  lOOOi  tlit:«xu«m» 

Cmuiateot  with  beatth  bebj^  1050  and  1059.     Its  t«inpi;ra> 

'ton  ia  genenillj  sbgut  100^  F. ;  Lut  it  i*  not  the  same  in 

all  part*  of  tlw  body.     Thus,  wliile  the  etroam  i»  slightly 

wwmed  liy  pasHin^  through  the  liver  aud  some  other  parts, 

it  Is  aJi^htlj-  t:oolo(I,  otx^ordiiig  to  HuntBril,   hy  tramniag 

the  capillaries  of  the  bkto.     The  temperature  of  blood  in 

I  tb6  kfl  tiidi!  of  tJi6  heart  in,  ogaia  1°  or  3^  higher  than  id 

Itbe  right  (SftTory). 

'rh«  blood  had  a  alight  alkaline  reaction ;  and  omits  an 
I  rimilar  to  that  which  isNiGo  &oin  the  nkiu  or  breath 
rfllBUUmal  from  which  it  flows,  but  faiutor.  Tho  iilka* 
I  reaction  api>«<iTs  to  be  a  tonMant  character  of  blood 
[all •nimaU  and  under  all  circumitaiioM.  An  exv(.-])tioa 
i'lMfan  supposed  to  cxi-^t  in  the  ooso  of  menstrual  blood  ; 
but  the  acid  rcactiou  which  this  somtitiiiiea  proitents  is  due 
to  the  mixturo  of  an  acid  mucus  from  tho  ut«nu  and 
vagioL  Pure  mtuiHirual  blood,  auch  as  may  be  obtaiued 
with  s  speculum,  or  from  the  uhri  of  wotnnn  who  die 
during  menstruation,  ia  always  alkaline,  and  TOMmblM 
ordinuj  blood.  .\cc»rdiiig  to  Berruud.  bh^od  beoouea 
•poutanooasty  add  after  nimuval  &oin  the  body,  owing  to 
GODvenion  of  ita  sugar  into  lactic  acid. 

The  odour  of  blood  is  eaaily  perceived  in  the  watery 
TBpour,  or  balUui  OS  it  is  cnlW,  which  ri(K»  fri)m  blood 
I  just  drawn  :  it  may  also  Vie  set  free,  long  afterwards,  by 
.  adding  to  till!  blood  a  niixtura  of  equal  parts  of  sulphuric 
acid  and  water.  It  is  said  to  be  not  dithmlt  tu  btU,  by  the 
likenow  of  the  odour  to  that  of  the  body,  the  sprcjcs  of 
domoctio  animal  from  which  any  specirnvn  of  blood  liaa 
been  taken :  the  strong;  odoiur  of  tho  pig  or  cat,  and  tho 
peculiar  milky  auiell  of  the  kov/,  are  eepeciall;  eaey  to  bo 
tbua  diaceraed  in  their  blood  [liamtul]. 


ss 


THE  BWOD. 


Qiiantitij  of  Blood. 

Only  im  impcribct  iodicntioD  of  tho  ir1ioI«  qoantity  of 
l^lood  ID  the  body  U  affordMl  by  meMiinnn«iit  of  that 
wlu«b  escapes,  wben  an  animal  is  rapidly  bled  to  <loiilh. 
inannuuli  o*  n  cortain  unount  iilimy*  nvDuuu*  in  tlia  blood 
reiuols.  In  cases  of  loss  rapid  bleeding,  on  the  otber 
Land,  wlien  life  is  more  prolonged,  and  when,  Iherefon^ 
mfRdont  titno  elapses  before  donth  to  allow  Komc  abeoip- 
tion  into  the  circulating  current  of  the  fiuids  of  th«  bo()y 
p.  S4),  tlio  wliule  quantity  of  blood  that  Mtnpea  may  be 
■tnr  than  tlie  whole  UTorage  amount  naturally  present 
in  the  veseeU. 

Various  meuu  ban  been  devised,  therefore,  for  obtain- 
ing n  more  accunito  estimate  than  that  which  rvaulta  tnan 
merely  bleeding  animals  to  death. 

'Wolcker'a  &i(!t)i(id  is  tho  fallowing.  An  ■nimal  U 
rapidly  blfxl  to  death,  and  the  blood  which  MEape*  in  eol> 
lected  and  meaaured.  Tlie  blood  remaining  in  the  smalUtr 
vewels  is  tlivn  mnimrod  by  tho  injection  of  wotur  tJirough 
than,  and  the  mixture  of  blood  and  water  thua  obtntDod, 
ia  also  ooIleul«d.  Tiii.<  uuimol  ia  then  iineiy  minced,  and 
infusod  in  water,  and  the  infusion  is  mixt^d  with  Uiu  com- 
bined blood  and  water  provioualy  obtained.  Some  of  this 
fluid  is  tlic'ti  bruftlKxl  till  a  wliid;  ground,  and  the  colour 
comparod  w  ith  that  of  mixtures  of  blood  and  wut)>r  wln»»ij 
proportions  have  been  previously  determined  by  measurc- 
mt^nt.  In  tJiis  way  the  materials  are  obtained  for  a  tiurly 
exact  estimate  of  the  ijuantity  of  blood  octtuilly  oxisting  in 
tlic  Ijody  of  the  animal  experimeuted  on. 

Anothor  mntliod  (that  of  Viprordl)  consititA  in  ectimatiilg 
the  amount  of  blood  expelled  from  iJie  ventricle,  at  eadi 
beat  of  the  heart,  and  multiplying  this  quantity  by  the 
number  of  beats  necosBarj-  for  completing  the  '  round '  of 
llie  circulation.  This  method  is  Ingenious,  but  open  to 
Torious  objections,  the  most  conclusive  being  tlie  unoer- 
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Uanty  of  nil  tlie  premuB««  <m  which  tKe  oont-luaoa  u 
finiDded. 

Other  methods  <h*p<m(l  on  the  iwiilto  of  iojcctinK  a 
knoTn  quMitit;  of  water  (ValeDtin]  or  of  ealine  matters 
(Blake)  into  tho  blood-TOasels ;  tlio  citl[!ii!ntii>n  being 
founded  in  tho  finrt  cmo.  on  the  dirninution  of  the  specific 
gniTi^  which  ensues,  and  in  the  other,  on  the  quanti^  of 
tbp  salt  found  dJCTus^  in  n  ceitain  measured  unoiint  of 
tlio  l>lijod  iibotriictml  for  oxperiinent. 

A  neatly  correct  estimate  was  probably  made  by  Weber 
and  Lehman n,  from  l}ie  following  data.  A  criminal  waii 
wcigliod  before  and  after  depapitation ;  the  ilitTirrenco  in 
the  weight  representing,  of  course,  the  quantity  of  blood 
which  escaped.  The  b!(HKl-TraselH  of  the  head  and  trunk, 
were  then  washed  out  by  the  iujec-tion  of  water,  until  the 
fluid  which  escaped  had  only  n  piile  red  or  straw  colour. 
I'hix  Uiiiil  wits  then  also  wrightvl ;  nn<l  the  amount  of  blond 
which  it  represented  was  calcidated,  by  comparing  the 
proportion  of  solid  matter  contained  in  it,  willi  that  of  the 
linit  blood  wlitoh  t!!i(npc<l  on  decapitation.  Two  exporinonta 
of  thifl  kind  gave  precisely  similar  results. 

The  most  reliable  of  the«e  rurious  nivaun  for  taiti mating 
the  qiiMitity  of  blood  in  tlio  body  yield  na  noarly  similar 
reeulta  as  can  be  expected,  when  the  sourceis  of  etror  un- 
aTOidably  present  in  nil,  are  taken  into  ecumidinntion ;  and 
_U  may  bo  stated  that  io  man,  the  weight  of  the  whole 
tity  of  blood,  compared  with  that  of  tho  body,  ia  from 
about  I  to  8,  to  I  to  IO. 

It  most  be  remembered,  however,  that  the  whole  quan- 
ti^'  of  blood  Tftrics,  even  in  the  same  animal,  Toiy  wnwider- 
ably,  in  correspondence  with  the  different  amounts  of  foo<l 
and  diiuk,  which  may  liavn  boon  rct^ntly  taken  in,  and 
the  equally  rarj-ing  quantity  of  matter  given  out.  Ilcmard 
fbuDd  by  experiment,  tliat  the  quantity  of  blood  obtainable 
bom  a  fontiug  animal  in  ecnrccly  mon-  than  a  lulf  of  tliat 
nrhicb  is  present  aoou  after  a  full  moal.     The  estimate  abovd 
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given,  muit  tiitmstam  be  taken  to  roproMUt  oolf  ut  «|)- 
pcoxiuate  averag«. 

When  blomil  is  drawn  fmm  the  hoiy,  and  lah  at  reu, 
certoia  diaugea  euaue,  wliicti  uouitiiute  s  kirnl  of  roo^ 
onalj'ai*  of  it,  luiil  tir«  iiutruL'tivo  tiwpoctiii^  ttio  naUtte  of 
Bom«  of  its  cotutitueDto.  A£let  about  ten  nunutos,  taking 
ft  general  average  of  many  obscrvalionH,  it  graduaUy  dote 
or  Goagultttm,  becoming  volid  likd  a  soft  jflly.  The  dot 
thus  formed  haa  at  lint  tlie  eauie  Yolume  and  appearance 
tut  tlie  fluid  l>l(Kid  Iiod,  ami,  liko  it,  looks  quitit  uiiifonn ; 
the  only  change  se(<m»  to  be,  that  the  blood  vhich  waa  fluid 
is  now  solid.  But  preweatly,  drops  uf  trun-ipareut  yallowlah 
fluid  begin  to  ooiio  from  tho  euri'ace  of  the  solid  dot ;  and 
these  gradually  oollMCing,  first  oq  ila  upper  mnrtaae,  and 
then  all  arouiid  it,  tlio  cli>l  ur  "  cruitanitntum,"  dimiittnhed 
ux  uvee,  but  lirtnvr  tliiui  it  waa  before,  fiouta  in  a  quantity 
of  yellowish  fluid,  which  ia  namod  »«run,  tho  <}uanli^  of 
wiuoh  may  continually  inocwue  for  from  twenty-four  to 
Jbrty-oigbt  houra  alter  the  dotting  of  the  blood. 

The  changes  just  described  may  be  thua  explained.  11m 
UquoT  tanyuiuiB,  or  liijiiid  part  »f  thv  bloud  (p.  56),  ooosiato 
of  a  thin  fluid  called  serum,  holdiog  fibrin  in  aoIutiOD.* 
The  peculiar  prup<:riy  of  fibrin,  as  already  said,  is  ita  ten- 
dency to  become  solid  when  at  rect,  and  in  tmmv  oth«t 
oonditioDA.  When,  tiiurefore,  a  quantity  of  blood  is  drawn 
from  the  vesBclfl,  the  fibrin  coagututcn,  and  the  blood  cor* 
puscles,  with  part  of  the  serum,  arc  held,  or,  as  it  wen, 
ontanglod  in  the  solid  substatiiu  whidi  It  forma. 

But  after  healthy  fibrin  has  thus  ooagulat4.-d,  it  alvaya 


*  Tltiit  statcmaat  hsa  bcnii  left  antltered  in  the  text ;  bat.  a»  will  be 
iMu  luillidr  00,  It  rajiilrGs  moUifinlioB. — (Kti.) 
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contracts ;  and  wliat  »  gcnnnlly  doMribecl  a»  on»  prooM* 
of  cx>at{'ulnlion  shonJd  rather  be  ref^rded  as  eonaisting  of 
tvo  fozta  or  stngts ;  aamelj,  tint,  tlio  aiinpla  act  of  ctot- 
tio^,  coagulating,  or  IxHWinmg  ulid;  and,  accoodly,  tlui 
CMilivction  or  coodsnratioD  of  tho  solid  clot  thus  formed. 
By  thi§  second  act  much  of  tlie  serum  which  was  soalccd 
in  th«  clot  is  grndiiidly  prossod  out;  aod  tfais  col1«cla  ia 
tho  TMS9l  anniod  th«  coDtracted  clot. 

Thus,  hj  the  obaervatimi  of  blnod  within  the  TMeels,  and 
of  tko  diiingvs  which  coramoiily  ciunie  wImmi  it  is  dmwa 
from  them,  we  mav  distin^uifih  in  it  three  principal  nmifti- 
tuents.  namely,  l$t,  tho  fiWui,  or  coaguluttug  euhiitance; 
2mt,  tlin  fcnim  ;  Jrd,  tho  corpuscles. 

That  the  fibrin  is  the  only  spootaneouslf  eoognlaUe 
malarial  in  ih«  hlood,  maj-  hu  proved  in  many  ways;  and 
most  simply  by  employing  any  msans  whcroby  u  portion 
of  the  liquor  sai^piinis,  i^..  the  semm  and  fibrin,  can  bo 
Bvpantad  Irom  tint  rwl  coq>uiM:l(!!i  before  coagulation. 
Under  ordinary  circumstances  conf^nlatioD  occurs  bcfon* 
the  nd  oorpuscles  have  had  time  to  subside;  and  thus, 
Irom  their  being  cntuitglitd  in  tho  monhai  of  thu  fihriu,  the 
^lot  is  of  a  doep  dark  rod  colour  thronghoiit, — «om«what 
dftricar,  it  may  bo,  at  the  moat  dependeut  part,  IVom  accu- 
mulation of  red  cells,  but  not  to  ttoy  veiy  marked  decree, 
It  however,  from  any  cause,  tho  n^l  ci-lU  «iik  more 
quickly  than  usual,  or  the  iibrin  contracts  more  slowly, 
th«n,  in  either  of  these  cases,  the  red  oorpUMrles  may  be 
obserred.  while  the  blood  is  yet  fluid,  to  «iuk  U-low  its 
mrfacoi  and  tho  Ujer  beneath  which  they  hare  sunk,  and 
whicji  has  usunlty  an  opaline  or  greyish  white  tint,  will 
ooagnlala  without  them,  and  form  a  white  clot  consisting 
of  fihnn  alono,   or  of  fibrin  with   entangled  white   cor. 

Ipueoles;  for  the  white  corpuscles,  beiog  very  light,  tend 
opwaids  towards  the  surface  of  tho  fluid.  The  layer  of 
wlut«  clot  whidi  is  thus  formed  rests  on  tho  t<^  of  a 
colonied  dot  of  ordinary  character,  ia,  of  one  in  which 
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th«  coft|:;:uIatiiig:  fibrin  has  enlangted  the  red  corpuscle 
while  thoy  woro  nnking :  sad,  tliua  placod,  it  uuiutiuitat 
u-hat  has  been  eoUed  a  bttffy  coat. 

\Mk:u  u  h\xSj  uuut  it  fornuid  in  lbs  manner  just  da- 
Bcnbed,  it  ooratnonljr  contractu  movo  than  Om  rcM  of  the 
clot  doee,  and,  drawing  in  at  its  sidee,  produces  a  eupjxd 
ftppoarauL'e  u»  ttio  lop  of  tha  olot. 

In  cortain  conditions  of  the  system,  nnd  Mpm-iAlly  wlwn 
there  exists  some  local  inSammatton,  this  butfed  and 
cuppod  cooditJOD  of  tho  clot  is  well  marked,  iinil  tltvrv  had 
been  tnucli  discussion  concerning  its  origin  under  thcee 
circuniBUinoea.  It  is  now  gcu«rally  tigretid  that  two  oauMe 
fiombitin  to  prixlui-w  it. 

Id  the  first  place,  the  tendency  of  tjie  red  corpuaclee  to 
form  njiil<:aux  («w  p.  ^3]  u  niucli  cxnggitratvd  in  infium- 
matory  blood ;  and  as  their  rate  of  linking  increasM  with 
tlieir  ai^rejfiition,  ihi^v  is  a  ready  explanalion,  at  least  in 
pnrt,  of  the  coluurlpss  coortitioD  of  the  top  of  tho  cloL 
And  in  tho  nest  place,  inllammatory  blood  coagulates  lesa 
Bpidiy  than  uaua!,  and  thtia  tht-re  is  more  time  ibr  the 
idy  rapidly  eiiiking  corpuscles  to  subside.  The  colour- 
less or  builed  condition  of  the  upper  port  of  the  clot  is  tbson- 
for*!,  readily  acvouuted  for ;  while  tliu  cupped  apjieanuwe  is 
easily  oseplaiuod  by  thr  grcati^r  powor  of  cootimrtion  pos- 
eeseed  by  tlte  fibrin  of  iuOammntoi;  blood,  and  by  its 
Mtntraclion  being  now  not  ititerfurMl  with  by  the  prcaenoo 
of  rod  corpiiH'iiM  in  its  moshes. 

Although  the  appearance  just  described  b  commonly 
the  result  of  a  condilion  <if  t)i«  bloi^  iti  which  tliero  is  aa 
incroasti  in  tho  (pianlity  of  fibrin,  it  need  not  of  111 1  r iiijlj 
bo  BO.  For  a  Tery  <lifrer('nt  slate  of  the  blood,  such  as 
that  which  exists  in  thloroMN,  muy  givn  riso  to  tJm  same 
nppoanuice ;  but  in  this  ca»e  the  pale  layer  is  due  to  a 
relatively  sniaUer  amount  of  red  oor|iiuicles,  not  to  Buy 
increase  in  the*  <]uantity  of  tibrin. 

It  is  thus  ovidcnt  that  the  coagulation  of  the  blood  is  due 
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I  its  fibrin.    The  cauw  of  the  ooaguUtion  of  tho  fibrin, 
however,  is  still  a  mj-sU-ry. 

'ilie  tboory  of  Trof.  Li»t«r,  thnt  fibtiu  has  no  uatural 
tendcDC}'  to  dot,  but  tiwt  its  coagulation  out  af  the  body 
■a  duo  lo  tliD  lu^tioii  of  funitgn  nuittor  with  which  it 
happens  lo  be  brought  into  contat^,  imd,  in  tJut  Ixxly, 
to  conditions  of  the  tia»u«s,  which  cause  tbem  to  act 
towards  it  likn  fomgn  mntlor,  is  insuffic.it'ut ;  because 
oven  if  it  be  true,  it  siiU  leaves  unexplained  tho  nuuuiL-r 
In  which  the  fibrin,  fluid  in  th«  living  blood-vessels,  cnn, 
by  Coreigti  mnttor,  bo  thus  muttv  solid.  If  it  be 
a  fiact,  it  ia  a  very  impoitant  one,  but  it  ia  not  au 
ezplnnaticm. 

Tho  wime  remsrlt  mnj  bo  npplicl  aim  to  nnother  theoiy 
vhich  differs  from  the  last,  in  that  while  it  adiuita  b 
natural  tendency  on  tho  part  of  the  blood  to  ooa)>;ulation, 
it  ttupgxMM  thnt  tliia  tendency  in  tho  living  body  a  re- 
xtriuucd  1^  soiDs  infaibitoiy  power  resident  in  tho  walla  of 
tb6  oontaimog  reasels.  This  alao  may,  or  may  not,  be 
true;  but  it  is  only  n  stntomont  of  n  pomiblo  fiut,  and 
loaves  unexplained  [he  numser  in  which  living  tissuo  can 
thua  natraiu  (.-oajrulatiuu.  ^ 

Dr.  Dreper  belierwi  tliat  coagulation  tnkca  plitcu  in  tho 
living  body,  as  out  of  it,  or  as  in  the  dead ;  but  iu  llio  ono 
caw  tho  61>riii  in  piclc<'d  out  iu  the  cuur&e  of  tlio  ciicu- 
lation  by  lisetiea  which  this  pArliculor  umuilitueut  of 
tho  Uood  ia  d««linod  to  noumh ;  in  the  others,  it  nnnitin* 
and  bcconiM  mrident  oa  a  dot.  Diia  explanation  is  inge- 
tiioas,  but  roquires  some  kind  of  proof  before  it  can  be 
adopted. 

Oanc«niit)g  otbcr  thf^riea,  as  for  iimlance,  that  coagu- 
lation is  due  to  the  escape  of  carbonic  acid,  or  of  ammonia, 
it  nood  only  be  said  that  they  have  been  completely 
disprovwi, 

Wi!  uiUHt  therefore,  jbr  the  present,  believe  thnt  the 
cause  of  the  coagulation  of  tito  blood  haa  yet  to  bo  dis- 
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corered;  but  aom«  vier;  intfireetinff  obeervations  in  cod- 
iMixioo  wttlt  tfaft  iiulj«Gt  han)  been  mxally  made,  and  aeem 
not  unLikolj  to  load  in  tinw  to  a  aolntion  of  thia  difliraU 
and  moat  vexed  questioD.  The  obaemtions  lefemd  to 
hnvo  boon  ouido  indopondeDtly  by  Alnxiindvr  Rcluniill, 
altboDgb  be  VM  ft>rei4«lled  in  repaid  to  some  of  his  ex- 
[Knimcnta  bj  Dr.  Androw  Bachuiau  of  OUmgow,  nuui^ 
years  sf^. 

Wliou  blood-wnim,  or  ira«li«d  bIood>dot,  is  added  to 
the  fluid  of  hirdrocele,  or  any  othnr  nroiu  affunon.  it 
•peedily  caiues  eoapilation,  and  the  production  of  tme 
fibHn.  AiLd  tliia  ]>hono(Doaon  oocim  abu  mi  the  ad- 
mbcture  of  serous  Hfu«ons  from  diiforont  p<irt«  of  the 
body,  art  that  of  hydrocele  with  that  of  aacitee,  or  of  eitlwr 
vith  Siud  from  thm  mvity  of  tho  pleura.  Other  Kib- 
atanoee  also,  as  muscular  or  nerrous  tissue,  skin,  ete, 
hiTO  beeu  found  alno  abh)  to  excite  ooagiilAlioii  in  mtdiu 
flnide.  Thus,  iluids  which  bsre  littlo  or  no  tendency  to 
cod^tate  when  k-ft  to  themselves,  eon  be  made  to  produce 
n  rlnt,  nppiircntly  idi>nti(^  with  tlio  fibrin  of  blood  by 
the  additioD  to  them  of  matter  which,  on  its  pnrt,  was  not 
kiiowu  to  have  any  sjiecial  relation  to  filrin.  Aa  may  be 
supposed,  tho  coogulAtion  is  not  oliko  in  rxtirnt  nnder  aU 
these  viroumatances.  Thus,  although  it  occurs  when  ap- 
pnnmtly  frnv  or  no  blood-ocUs  exist  iu  eitlier  I'ontititiiMit  of 
the  mixture,  yet  the  addition  of  these  very  much  inaeowM 
the  eifect,  uid  their  presence  evidently  has  a  wrj  doN 
connnxioii  witli  the  [irocRSs.  From  the  nctirni  of  tho  bol^ 
coat  of  a  clot,  in  causing  the  appearance  of  fi)>rin  in  setoua 
etfusiouH,  it  may  he  inferred  tliat  the  )Mle  as  veil  oa  the 
i«d  corpuMcIes  are  influential  in  con^tntion  under  theas 
circumstances.  Blood -crystals  are  also  found  to  be  effc»>_ 
tive  in  producing  a  clot  iu  serous  fluids, 

Tho  true  explnnntion  of  these  very  curious  phee 
ia,  probably,  not  fully  Imowii ;  but  Solimidt  nuppoiwe 
in  the  net  of  formntion  of  fibrin  then  occurs  the  unlou 
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of  two  substnnoes,   which   ho  tuins  fibiiiio-plAstiD   Emd 

»  fibrinogen. 
Thv  mb«liiDco  whinfa  ho  t«mu  fibrino-plMtin,  and  which 
h»  has  obtained,  not  onl^  trota  blood,  but  from  laonj 
other  Uquida  and  aoUda,  aa  tliu  ctTstalline  leiin,  vbyli)  oiid 
Ijtnpli,  connm'tivo  tinu«,  etc.,  which  aio  found  capable  of 
exciling:  coagulation  in  wroua  fluids,  is  probably  identical 
witli  tli«  glubuliu  of  tlio  ixid  oorptuckn. 

tl'ho  tibrinogenous  matter  obtained  £rom  serous  offuuona 
diflers  but  liUle,  chemically,  fVom  the  fibrino-plaatiit. 
Thua  in  tlie  experiniout  Iwforo  mentioued,  the  grlubuUn 
or  fibrino-platUti  inutUr  of  tbo  blood-cells  in  thn  clot, 

Icwuea  ooagulalioo  by  uniting  vitb  the  fibrinogt-n  present 
in  the  hjdrooelo- fluid.  And  whenever  there  oouurs  coagu> 
lation  with  tbo  prodiictinu  of  fibrin,  wbctbi-r  in  ordinary 
Itlood-clotting,  or  in  (he  ailmiicture  of  s«iroua  effusions,  or 
ju  any  other  way,  a  liko  tuiiun  of  llieae  two  aubHtiiucea  may 
1>e  suppoRrd  to  oi  e.uv. 
Tlie  main  result,  tbercforo,  of  these  Tery  interesting 
ox|ierin)<<nts  and  obtiervatioua  haa  been  tonudco  it  probabta 
tiiat  the  idea  of  libriu  oxixting  in  a  liquid  sinta  In  tlio 
blood  ia  founded  on  a  mi«lakeu  notion  of  its  real  nature, 
Hand  thill,  pmbubly,  it  does  not  e;ci»it  at  all  in  Holutiuu  as 
fibrin,  but  is  fovmnd  lit  tho  iit(iniD:it  of  uoiigiilntion  by 
the  union  of  two  substatu^-s  which,  in  fluid  blood,  exist 
•^oratoly. 

Tito  theories  before  mffrrod  Ui,  conconiiiig  the  ooagu- 
latioD  of  the  blood,  will  thereforo,  if  this  bo  true,  rosolvo 
thoms^vcv  into  thoorioa  concerning  tlie  causm  of  the  union 
of  fibriuo-pln»tiu  and  fibrinogen ;  and  whetbiT,  ou  tlio  one 
hand,  it  is  an  inlubitory  action  of  tlio  living  blood-voasela 
that  naturulty  nttraini,  or  a  catalytic  action  of  foreign 
matter  that  ftvitei,  the  union  of  tb«w)  two  subatuuces. 
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ConJitioits  affteting  Coa^ation. 

Althongh  the  coagulatioD  of  fitain  sppoiuv  to  be  spaa- 
taueous,  yet  it  is  liablo  to  be  modified  by  the  condiliona  in 
vhich  it  is  pkccd ;  rorh  n*  tomprirntitrc,  motiati,  the  uaxm 
of  air,  the  »ubBtan<«B  wtib  whicli  it  is  in  contact,  th« 
of  death,  etv.  All  them  coDtlittonn  iitHid  tu  be  oonsii 
in  the  studj  of  the  coagulation  of  lhr<  blood. 

The  <^oaguLitioa  of  tlte  blood  is  liaa(at«d  bj  Iho  foUnr- 
ing  nipniu  t— 

1.  Moderate  wMmth, — ^from  abont  lOO'  F.  to  I20*  P. 

2.  Hat  ia  fuvoutable  to  thu  cnu^Intion  of  blood.  Blood, 
of  which  tlio  irhol«  mniw  is  kept  in  uniform  motioD,  u 
when  a  closed  resael  completely  filled  wllh  it  is  cooataatly 
ehovikI,  corigiilati^H  Tvry  slowly  and  impprfvctlr.  liiit  r«)t 
is  not  csseotiaJ  to  coagiilation ;  for  the  coagulated  fibrio 
may  be  ^uickljr  obtained  from  blood  by  Btiiriug;  it  with 
abundloof  nDsH  twigs;  and  nhcnoTiw  any  rough  point* 
vi  earthy  matter  or  foreign  bodies  are  introduced  iato 
tbe  blood-veaacls,  the  blood  «oon  coagulutea  upon  them. 

3.  Contact  with  foreign  ninttor,  and  (specially  multi- 
plicatiou  of  the  |>ointa  of  contact.  Tbns,  irhen  nil  otfaer 
oonditioiix  are  iinfitvourable,  tbe  IiIoikI  will  coogulftlo  upon 
rough  bmlios  projecting  into  tho  vessels;  aa,  Tot  exampte, 
u]ion  threads  pasued  through  artcriea  or  aneurtmaol  wa, 
or  thi'  hc^iu-t'a  valves  roiighenetl  by  iuflnmniKtory  depoaiu 
or  calcareous  accumulations.  And,  perhapa,  Ibia  mav 
eiiphiiu  tho  quittcEr  coagulation  of  blond  after  iltuith  in  tlie 
heart  with  vmtls  miule  irregular  by  the  flf>»hy  columna, 
than  in  the  simple  smooth  walled  arteries  and  rvins. 

4.  The  frL'O  occess  of  uir. 

3.  Coagulation  is  quicker  in  shallow,  than  in  taU  nii 
narrow  veBsals. 

6.  'ITio  uddition  of  lew  than  twice  the  bulk  of  water. 

The  blood  last  drawn  is  said  to  coaguluto  moie  qoiddy 
tbun  that  which  is  first  let  out. 
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JQha  tMVniotMMi  of  th«  blood  b  ntatded  ty  Ibd  fblloving 

I.  CM  retards  tbe  nxtgulation  of  blood ;  and  it  is  said 
^  ftitt,  ao  loag  as  blood  U  kept  at  a  teinjxirutiire  belov  40° 
F.,  it  irill  not  coojcuUto  at  all.  t-'rcozing  tlio  blood,  of 
coone,  prerentB  ita  coagulation;  yet  it  wUI  coag:ulatei, 
thou^ch  uot  Bnuly,  if  thawed  afW  'iie'iug  iroxra ;  and  it 
will  do  m,  cron  afior  it  has  been  frozen  for  several  montha. 
CoagtilattoQ  lA  accelerated,  but  the  aubBequeot  eoiilravlion 
of  thu  Elot  ia  liindcixKl,  hy  a  tcmponture  b«tnxpii  1 00'  and 
1 20° :  a  higher  temperature  retards  coagulatioo,  or,  by 
(i>;i|j^iliituig  tlttt  alhumiMi  of  the  aarum,  pnimnta  it 
^■Itognthcr. 

3.  The  addition  of  wat«r   in  greater  proportion  than 
Ftwioe  the  bulk  of  tlio  blood. 

3.  Coutact  with  living  tiuuds,  and  especially  with  the 
interior  of  a  living  blood-vessel,  retards  coagulation, 
•Ithoiigli  if  tho  blood  bo  at  met  it  doe*  not  pri^vrat  it. 

4.  'Die  addition  of  the  alkaline  and  eortliy  salts  in  the 
ptx}poil:OD  of  2  or  3  iwr  <«nt.  and  upward*.  When  added 
in  large  proportion  most  of  those  saline  snbslanccs  pre- 
rant  eoaga]ation  altogether.  Coagulalloii,  bon-uvt-T,  en- 
mea  ob  dilntlon  vitli  wetor.  The  time  that  blood  can  bo 
thus  preserved  in  a  liquid  state  and  coagulated  by  tlte  ad- 
ditioD  ot  wat4ir,  is  (]uit()  iitdulioite. 

$,  Imperfect  aijration, — as  in  the  blood  of  those  who  die 
by  asphyxia. 

6.  In  tiilluniniatory  states  of  the  in'stiiin,  the  blood  coa- 
golates  more  slowly  although  more  firmly. 

7.  rk)agiiliitii)ii  is  retarded  by  ext'lu.-ion  of  tlie  lilood 
from  the  air.  as  by  pouring  oil  on  the  snrfiico,  otfi.  In 
Taono,  the  blood  coagidates  quickly;  but  I'rof.  Lister 
think)  tlint  the  rapidity  of  tho  pruciuis  is  due  to  the  bub- 
bling whii:h  ensuoa  from  the  escapo  of  giix.  and  to  the 
Idood  being  thus  brought  more  freely  into  contact  with  the 

_  cotUaining  veKcL 
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THE  BLOOD. 


Tho  rongulation  o(  tlic  blood  u  prormltKl  albt^ether  I7 
the  addiljoa  of  etrong  add*  and  caustic  alkalies. 

It  liiui  liM-n  bL4ii>vi.'d,  atiil  {hji-fly  on  tlio  autliorily  of  Mr. 
Fluster,  thnt.  ulUr  cortiiio  modes  of  ilootli,  tins  blood  do« 
not  coagulate;  be  enumerate  the  deatli  bj  lightniD£. 
Over-Ox«rtiun  (u  in  uuiiuol:!  huuted  to  death),  blow  oa  tlw 
Btomacb,  fits  of  nugcr.  Ilu  luiyn.  "  I  bare  neoa  lattaJum 
of  them  all."  Doubtless  he  had  don«  so  ;  but  the  resolls 
of  mcli  (^Tcnts  sro  not  <x>iiatiuit.  TI10  liJood  Iiom  b«eii  oAn 
obsened  coagulated  in  the  bodies  of  Animals  killed  bj 
liglitiiitig  or  an  electiio  shock;  and  Ikfr.  Gulliver  lias 
published  Instoiusos  in  tvhidi  li»  foiiinl  dots  in  the  h««it> 
of  bares  aad  stags  huuted  to  death,  ood  of  cocks 
figbtiug. 


kiUed^ 


Chfinieal  Compotition  of  tht  Rtood. 

Aiiinng  tltR  iniuiy  uitalyiwa  of  tlio  blood  Ibnt  have  beEO 
publishcul,  some,  in  which  all  the  oonstituenta  are  Mium^ 
rated,  are  iuaccurate  Id  their  etatemcuta  uf  tlio  i>ra]K»tioBS 
uf  tliuso  coD.itittients ;  otlKim,  ndrnimbly  tuxTurttt«  in  soms 
partic^aTB,  (tro  iucntiiplele.  The  two  follovin^  tables, 
coQbtruetL'd  I'hiell}-  froui  the  aiiuIyiH'.i  of  Uonis,  Lecimu, 
Simon,  iS'usse,  Lelimanu,  Biioquerel,  Kodier,  and  Gavamt, 
ore  dwiglied  to  combine,  as  far  as  possible,  tliu  udrsn- 
tage  of  accuracy  iii  uunibera  witli  the  wuveoience  of 
pHfitviitiiij;  ut  one  vieic,  a  list  of  all  the  constituents  of  the 
blood. 

Average  proportions  of  tho  principal  oouslttuents  of  the 
blood  is  1 ,000  parts : — 

Wnicr 784- 

HciI  miposclc*  (solid  rMuInc] i^- 

Albiimeii  of  Mmm ^■ 

Saliiii' iiiallflfs 6x>3 

F.xtnujtivti,  Tully,  iiul  utlivr  umlltra     .         .        .     .         777 
Fibriu  . 3-3 

1000 
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Arcm^  pntpDrtKHa  of  all  the  eonttitotnta  of  th«  blood 
in  1,000  piirU; — 

Wfttar 784' 

Albninen 'TO' 

rtlirfn !-> 

Kcd  mr^iiiKlti  i4rj) I  jO' 

Fatly  AUtUn 1-4 

laogMin  Salla :  Cklonde  or  •odtnm        .        .        .  j-6 

dilorido  of  potawinm       .       .    .  0-J5 

Trlbuic  pIiiHfliate  of  *oda    ,  o'l 

Oirbonal*  At  toda     ....  o'tS 

8atpb«l«  n(  ohIh    ....  0-18 

Plimplialn  nf  lim«  ui<l  magneiia  .  01} 

Oxid'.-  and  Hio»[iliotr  of  iron,        .  o"s 
£str«<'ttr«  mailrnt  biliaty  tolouriog  mBttrr,  R*w^ 

uid  accidcnuil  unlHitAni^ai         ....  6*40 

1000- 

Klcmentnty  <3omp(Mition  of  tint  i!ri<><l  hlnai  oftlip  ox:  — 

Carton S7'9 

IIy<)rA)cMi       . 7'I 

KiiT»>,'m     ....,,..  174 

OiyKcn I9'3 

AaIim                  «-4 

TIkih!  rr«iillH  of  thn  iillimrttji  nniilytiii  of  ox'k  bloixl  titTord 
\b  TomorkAble  iUustration  of  its  general  purpose,  aa  supply- 
ling  tlie  Riat«rialB  fw  the  nDoration  of  all  the  ttMuca.  Par 
■the  liiulri>b*  [I'ln^-fiiir  noA  iiafeitmiaat)  bnri'  foniiil  that 
ithe  flcAb  of  tho  ox  yields  the  sam«i  «lom«Dt8  in  so  nearly 
I  ume  proportiotid,  tbitt  the  elementary  compoHitioii  of 
>  orgwiiic  OMUrtitunnbi  ni  the  hlood  oiid  ilouli  may  be  oon- 
lidered  id«ndr«I,  mnd  may  bo  reprewntod  for  both  by  the 
[formuhi  C^H^^O,,. 

The  Blood-Corp\ucU»  or  Blood-CdU. 

It  fass  boen  already  said,  that  ibo  clot  of  blood  coDtains, 

rith  the  fibrin  and  thn  portion  of  tha  aorum  that  is  Boaked 

in  it,  tbe  U^tod-wrptaeUt,  or  hlood-ctlU.     Of  thew  then  ere 
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two  i^rinoipal  form*,  the  red  and  th«  irhite  cotptudn. 
^Vlieo  MiiLgulatioD  lins  tnkon  place  qtiicklf,  bolli  kintlii  of 


Mi.iumal>.     Rinia, 


Itcptiloi.  ArapbUu. 


Full. 


*  The  iilniiij  illn^Lu^tl.>ll  in  ionu'wlmt  fllWtud  (lom  t,  drawiBS,  bj*  Mr, 

GuUiver,  ill  Kh'IVk- 1.  2uii1,  Siniiaty,  amtexbiUutho typical clittnettn 

or  lli«  rpil  l^iywl-OTlls  ill  llio  tuliiii  .llvi-inuii  at  tl>e  VcrlebnU.     ^M 
fmoUcma  an  tlioM  ot  au  iach,  MiJ  rcjirvntiut  llie  sTtiago  diuuettr.     fn 


RED  BLOOD-COBPU8CLE9. 

eorpiucle*  may  be  ooifonnly  diffowd  through  tii«  dot; 
Ixit,  wbeo  it  baa  lieen  alow,  the  red  oorpuscles,  being  the 
heanest  coiutitu«Dt  of  Iho  blood,  (end  bjr  gmvitatioo  to 
awmmnlate  at  the  bottom  of  the  dot ;  and  the  nltite  «oc- 
|Kiad««,  being  among  tlifi  lightest  ooiuliluent*,  collect  ia 
the  u|^ier  i»ii,  luid  contribute  to  tho  fornuiti«i  of  the 

fbuffjcoat. 
The  htiman  red  lAood-etllM  or  bicod-corputeU*  (figs.  2$  end 
39)  si«  inrcuW  flattened  disks  of  different  sixoa,  the  miy'ori^ 
Tujiog  in  diumator  fion  -y^lyy  to  xcvr  ^  **"  >'>ch.  and  about 
TirilTV  '*^  '^  '"''^  *°  thicJtnoes.     When  viewed  sioK'yi  ^^y 
appear  of  a  pale  ycUuwiiih  tinge;  the  deep  nxl  i'dIout  which 
they  give  to  tlte  blood  bmng  obanmble  in  llwm  only  when 
they  are  seen  en  maiie-     Their  borders  are  rounded ;  their 
•urfiiioc*,  !n  the  perfi.-ct  oiid  inort.  uBual  hUlIo,  slightly  oou- 
cave ;  Init  they  readily  acquire    dat   or  convex    eurfaoea 
when,  (he  Uqitor  tanguiiua  being  dJlutvd,  they  are  nwoUcu 
by  absorption  of  fluid.     They  are  oomposod  of  a  colourlees, 
stTTicturdeee,  and  traiispaT«Dt  filmy  framework  or  ttmrna, 
iofiltntted  in  all  jMirM  by  n  nsl  culnu ring-matter  termed 
^,  A«nwoyto*<w-     The  itromn  is  lough  and  etaatio,  so  that,  as 
Bthe  cells  circulate,  they  admit  of  eloogatiun  and  other 
Hcbaagee  of  form,  in  adaptation  to  the  i^siieU,  yet  recover 
V  tboir  natunil  shape  as  soon  aa  Uiey  tHcapo  Irtim  conipnM- 
maa.    The  term  cell,  in  the  wunso  of  a  bug  or  eoc,  is  inap- 
ptioabte  to  the  red  bIood-«(Hrpiwcle ;  and  it  must  be  oou- 


Ui*  <■»  of  Old  o\iiJ  c«lU.  oalj  tho  long  iliunclrr  ia  linru  ^tiraiL.  It  li 
musrkablr,  that  allhauKh  tho  dn  of  tho  ml  tjl»od>i'<!llH  I'ltriM  «i  niodi 
ia  Uu  iliflrrvat  ebuMiw  uf  Iho  Tcrlflhrnui  kiii^iloni.  thul  of  the  white 
eorpnsdM  mm&iiu  tuiu|>«niUTelf  niiifumi,  oiiil  thus  thny  ait,  in  nine 
aahnJ^  mndi  gnator,  in  otliin  much  lew  than  tlio  red  corjiuwle* 
cslstiaK  iM*  hy  udc  wiib  thnn. 

It  my  Iw  hen  randrkcd,  Ihat  thr  appcatnnra  iif  n  tini-l«iiK  la  the  red 
Uo«d-4«U«  of  liinLi,  Tn[>tllo,  «Iii|ihibiii  hdi!  lUh,  hu  lin^ii  ihovru  lijr  Mr, 
Saroiy  ta  li«  Iho  re«utt  of  )<o<i'inortvm  rliangp  ;  no  nuclciu  bciut: 
TinUe  in  the  crib  *»  tliejr  ciKuInla  in  tho  living  body,  or  in  thow 
vhieli have jntt  ooftped  txom  tho  bloodTtsaeb. 


72 


THE  BWOD. 


sictcrcd,  if  Dot  M>1id  throti^faoat,  jet  aa  himitg  no  mSi 
varietj:  of  cotiBut«Dco  in  different  partA  aa  to  jostiiy  tlu 
notion  of  it*  Iidng  a  ni(!(iibraiii;uR  kilc  vitk  fluid  content*. 
The  ttroms  exists  in  nil  parta  of  it«  rabstnnce,  wul  tlw 
o(^ouriti(>-i!i alter  uniformly  perradea  thU,  and  is  not  mtmlj 
•urrDuncJiHl  liy  and  iiiccl>iuii(«]ly  «oelo«ed  within  lb«  Otitar 
wall  of  the  corpiLscle.     llie  red  corpuscW  bare  no  ducIr, 
olthouifli,  in  their  usual  ulale,  the  uuequul  refhtctioa  of 
triuimiittiHl  light  gintH  thu  iipjuinrnnoo  nf  «  cnntral 
brtghter  or  darker  than  the  border,  acoordinfi:   aa 
▼i»w«d  in  or  out  of  fouus.     llioif  (tjiecTific  givvitj  is  a1 
lOSS. 

In  exantiniD)''  a  number  of  red  mrpuscleo  witli  tho  aien- 
sooptt,  it  in  eiUH}'  to  obiN>rt'ii  (HirtaiD  antural  divorsitiee  among^ 
thom,  though  they  may  have  beon  all  talien  ftom  ibe  aonia 
part,  Tlie  graat  majority,  indw-J,  an  very  tiniform  ; 
somo  am  rulbi^r  Inrfiiiic,  and  tho  larger  ones  g«D' 
appear  pnler  and  less  exactly  circular  tJian  the  twet; 
surfacea  also  nm,  tumidly,  flat  or  slightly  ronvnx,  they  oi 
contain  a  minute  shining  particle  like  a  nucleolua,  and  t: 
BTu  lighter  than  th«  rest,  flditting  higbvr  in  tho  iltiid 
vhich  tltoy  arc  placed.  Otber  deviations  from  the  geoetal 
characters  assigned  to  tho  eorpusdea,  dcpond  on  changn 
that  ocCTir  after  thoy  are  talcon  from  tho  body.  Very  com- 
monly they  assume  a  granulated  or  niul)>erni'-liko  form,  ijH 
consequence,  apparently,  of  a  petuliiir  iitmigiition  of  th^V 
ceU'Wnll*.  Sometime*,  from  tho  same  cause,  they  present 
a  very  trregulnr,  jagged,  indented,  or  star-like  appowanoo. 
The  larger  valla  are  ini]i:h  less  liiihU  to  this  cban^ 
the  amdler,  and  the  natural  shape  may  be  restored 
dilating  the  fluid  in  Kbich  the  corpuscles  float;  by  Kd' 
dilution  the  corptisclcs,  as  already  said,  may  bo  made 
Bwell  up,  by  absorbing  the  fluid;  and,  if  much  water 
added,  iiicy  will  buoome  spherical  and  pnUucid,  tho; 
colouring  matter  being  dissolTpd.  and,  as  it  were,  washed 
out  of  them.     Some  of  ibem  may  thus  be  burst;  t! 
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tmaic  fAmcim;  Init manr  of  lbe«o latter  miky  be  brought 
into  Tiow  again  b}*  «vn]iornting,  or  lulding  ailise  matter  to, 
tli«  lluid.  Ml  aa  to  restore  it  to  its  prerioua  dendtf .  Tlie 
duiDgm  tlius  produced  hy  irat«r  are  more  ({uic^ltly  nffori^d 
by  veak  acetic  acid,  irbich  immccliittiOy  mftlioe  th«  cor- 
puttclun  pellui^id,  but  diM(ilv««  few  or  dodo  of  thorn,  for 
tho  ndditioQ  of  on  alk>li,  w>  a*  to  iinalraluEU  Uio  tit-id,  will 
netore  their  form  tlioiigh  not  lfa«ir  colour. 

A  pcculiur  propiTiy  of  the  red  corpuscleB,  which  ia  «x«g- 
I  gertited  in  intlninmatory  blood,  aiid  which  a])iwim  to  rxia 
in  a  marked  degree  id  the  blood  of  horww,  may  tm  here 
noticed.  It  givc-f  thpni  u  groat  teudenty  to  adlion;  tugethor 
in  r<^  or  columns,  liko  piles  of  uoinN,  nnd  thon,  very 
<)ui(Jcly,  Ibeoo  rolls  fkstfla  together  by  their  ends,  aud 
oiuster ;  so  that,  when  the  blood  i»  Hpremd  out  thinly  on  a 
glaas,  tbey  form  a  kind  of  irregular  network,  with ,  crowd* 
of  OOnpuBclM  at  tho  nrerul  points  oorresimndiug  with  the 
knotiof  thenet(fig.  35).  Uono», 
the  clot  formed  iu  such  a  thin 
layor  of  blood  looks  mottled 
with  blolche*  of  pink  upon  a 
whilo  ground :  in  n  larger  quan- 
ti^'  of  aueli  blood,  aa  aoon  as 
Iho  corpiudoa  have  diutered 
and  collectod  in  rolls  '(that  is, 
generally  in  two  or  three  minutes 
after  the  blood  is  drawn),  they 

begin  to  idnk  rery  quickly ;  for  in  tlio  aggregate  they  pro. 
segat  Iom  Murfiusi  to  tli«  refuntnnce  of  the  liquor  mnguinis 
than  they  would  if  sinking  eeparalety.  Thus  unickly  sink- 
ing, they  lea%'0  above  tliem  a  Inyor  of  liquor  sanguinis, 
and  tliis  coagulating,  fonns  n  huffy  coat,  m  Imfora  des- 
cribed, the  volume  of  which  is  augnirnti'd  by  the  white 
cotpuadea,  wHoh  haro  no  tmidnncy  to  adhere  to  tlie  red 
ODM^  and  by  their  lightness  float  up  clear  of  tlmm. 

*  ^  35.    B*«i  ooT|iuwt««  oollKted  hiw  rallg  (afUi  lltxiin.\ 


/v.  as' 
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Chtmical  Composition  of  Red  Bhod-eelU. 

It  luu  boon  before  T«mukcd  thM  tlifl  rod  Uood-cotpvuolee 
nro  formed  of  a  coIouiIodh  itroma,  infiltrated  with  a  colour- 
ing matter  tnmieil  hamoglohiH.  As  tli«j  exist  in  tb« 
blood  tb,vy  ooutoiu  about  three-fourtlu  of  their  w«igbt  of 
water. 

Tim  DlroTDB  appears  to  be  cotupoaod  of  a  nitrog«iiMu 
proximate  girindple  UmattA  protaifOH,  combined  with  albu- 
miuuus  cnntlvr  (pfiraglobuUii  or  fibriooptiutin),  fiit^  mat 
ton  iocJuding  dtolotturin,  and  salts,  cbiefly  pho^hate*,  of 
potafth,  auiliv  and  lime. 

Haemoglobin,  which  enters  fttr  more  Ui^ljr  into  the  com- 
posidoD  of  tin:  md  corpuRcle*  than  any  other  of  tlieir  coo- 
stituu:iit«.  Is  allied  to  albumea  in  come  re*p<M:t«,  but  ^Qer* 
romarbabijr  bom  it  in  others.  One  of  iU  moat  marked 
distinvtive  cbaracterfl  is  its  tondenqr  under  certain  ar< 
tifidal  coudiliuiiM  to  (.rrstaUine;  the  so-called  Uood-evyr- 
ta!t  being  but  the  natuml  cryst^illine  forma  aamimed  bj 
ibtit  RibBtauc«. 

Iltt-mogloliin  con  lie  obtninud  iit  a  orystalliDe  form  with 
THrioiis  degrees  of  difllculcy  from  the  blood  of  dtfTermt 
luiimala,  that  of  niuii  liotdiiig  uii  intenuiMliate  place  in  this 
respect.  Among  tlio  nnimiLl!!  n'hoiwi  blood  colour iug-inaller 
crystallizes  most  readily  ore  the  guinea-pig  and  the  dog; 
and  in  tbcwe  ciuww  to  obtiuu  cryniaU  it  is  generally  soffi- 
viaat  to  dilute  a  drop  of  recently  druwn  blood  with  nmlar 
nnd  expose  it  for  ii  firw  iniimU'i  to  the  air.  In  many 
iustiiucea,  however,  a  somewhat  lees  simple  pnx«es  muxt  be 
adopted;  as  the  addition  of  chloroform  or  ether,  rapid  freenng 
and  then  iliawiog,  or  otbrr  means  which  separate  theo(doar- 
ing-matter  Irom  the  other  constituents  of  the  <«rpuscl«s. 

Different  forms  of  blood-crystals  are  shown  iu  the  accom- 
panying figures. 

Another  and  most  important  character  of  hfcmoglobia  is 
its  nttruction  for  oxygen,  and  some  other  gasus,  as  carbonio 


ttni  nitrous  oxides,  with  all  of  vfaic-h  it  appmra  to  fonn 
defiiiili!  clinnii<a]  combinatioDS.  Tti«  combinatioD  with 
ozygsn  is  that  which 


is  of  most  pbTno- 
logicsl  tmpoTtonoo. 
During  the  pasaai^ 
of  th^  Uood  tlirough 
tiia  liing:s,  it  is  oon- 
BtaDtJy  formed;  while 

it     IH    M     (VinntADtly 

decomposed,  in  Kit' 
swjueni^  of  tJio  rea- 
dinoM  with  which 
hmnofflobin  lutrt* 
vrith  oxygon,  when 
the  Intter  is  expoeed 
to  othor  BtlrartioDa 
in  its  drciilation 
through  tho  sys- 
Itmic  cspillnries. 
IThuSy  tlie  red  eor- 
jVUBoles,  in  rirluo  of 
their  colouring  mnt- 
tet,  which  re«(lilr 
nWtthK  oxygpo  and 
as  readily  gives  it 
tip  o^in,  aro  tlin 
chitif  moans  by  which 
oxygen  is  carried  in 
the  blood  (stm  also 
p.  8S)- 


iVafi.' 


/".jr.  a7.t 


*  Fin*.  '<'•  '7'  *"''  ^'  lllii«trata  loms  at  Out  priocipd  forauot 

Fig.  1^  I'riimntif,  from  tjiimim  Moixt. 

t  Fig.  17,  Tctnhcdml,  (loiu  blood  uX  the  guiiKa-i>tg. 
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By  bmt,  mintaH  and  otlier  acidi,  atkatioe,  &ts,,  luraio- 


^*.  aS'. 


globin  is  devompoeed 
into  nn  nnitimitinus 
matter  (T«sembliti|- 
globnlin)  tuul  j&tfxaa- 
All.  The  Utter,  nov 
koovn  to  1>e  a  pro- 
di«*  of  the  dsoom- 
jtositioD  of  bionui- 
gloUn,  waa  oooe 
thouglit  to  bo  tbe 
natund  oolouriog 
malUr  of  tlie  Itlucd. 


Til*  IPAiM  Corjmaefft  of  lli4  Blood  or  Itlood  LeucoeyU*. 

'ili^  fchite  car|>uaclca  an  tnucb  leas  niiniRrous  than  the 
nd.  On  nn  nvpisgn,  in  livollh,  there  majr  bo  ona  whitB 
ro  400  or  500  wA  corpiiocli^ ;  but  in  diMase,  the  profKir- 
lion  is  olten  as  high  as  one  io  ten,  »iul  (fomelimea  enai 
mil  eh  hij^ber. 

lu  hoidth,  the  pmportion  Tariea  considerably  ev«a  in 
the  «>iirs9  of  ilie  eamo  day.  The  variatioos  appear  to 
depend  chiefly  od  tlie  amount  and  probably  alno  on  thit 
kind  of  ffwd  taken  ;  the  iiutn)>fir  of  leucocytes  being  T«iy 
timsiderably  increased  by  a  mout,  mid  iliiaiiij-ib&d  again  00. 
fimtin^. 

Tht-y  pnmnt  groiitw  diTRrKiticM  of  form  than  the  rod 
ones  <lo;  but  llie  Rradations  between  tlio  t-xtreine  fonns 
(ire  so  regulur.  Iliat  no  BufBLinit  ryason  can  be  found  tat 
BuppoNiiig  ihnt  there  is  in  h<^iUthy  blood  moro  than  one 
■pccio*  of  irhite  oorpiisdea.     In  their  most  general  appear- 

*  FIk-  SS.  IIvTaguiitl  crryetnU,  fnnn  btiKiJ of  jaigoitTtL  On  tboserfx- 
if^nd  )>UlPii.  |<rismatir;  cr}'>t«1>s  gruu]«il  iu  s  >t«ikt«  tnuiner,  MM 
uulrfijaoiitl;  occur  (aR«r  Kuuke). 
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once,  they  nie  ctrcolar  nnd  luuirly  H[>Ii<iricul,  about  j^j^ji  of 

nn  iacli   iii  diauetw  (fig.  39).      TItey  hare  it  groyuh, 

peariy  look,  ajipuiiring  niriouiUy  shaded  or  aebuloiUj  the 

•hndiog  lieiuK  much  <Larkor  in  somo  than  in  othen.     Tliuy 

Mem    to   bo   furnied    of    iiruloplosin  (p.    19),  containing 

pwiulco  which  are  in 

tome  Bpenimcna  fow  aad  ^'  '^ 

TBiy  dirfinct.  in  others 

(tliough  rarely)  Ki  nu- 

tnorouit  that   thu  wlioto 

oorpiisclo    looks    like  a 

mass  of  gruQulee. 

TImm  corpuwlrx  ( an- 
lM>t  be  said  to  hare  any 
true  colt- wall.  In  n  fuvr 
instonoea  an  apparent 
eeU-m«mbniiie  can  be 
traced    around     th<^in ; 

but,  modi  more  <«mmoaly,  even  tiita  is  not  (listiemiblo  till 
ttflor  the  addition  of  water  or  dilute  nnctic  acid,  which 
penetrates  thu  rorpuiwli?,  and  lifta  up  and  dUtcodd  wlmt 
looks  like  n  cell-wall,  to  the  interior  of  which  tlio  mate- 
ria], that  iHiforvt  uppvarcd  to  form  the  whole  corjiiuole, 
remains  attached  as  the  nucleus  of  the  cell  (6g.  39% 

.\  HTmarkable  property  t>S  the  while  e(ir])iiMli>s,  first 
observwi  by  Mr.  Whiirton  Jdhi-b,  consists  in  their  capa- 
bility of  atisuming  different  forma,  irrespective  of  any 
exti'riiul  uiUin'iit'e.  If  a  drop  of  IiIoikI  bo  examined 
with  a  high  miiTOncopo  power  wndor  conditions  by  wliiiJi 
luM  of  muislure  is  prevented,  at  the  same  lime  thnt  the 
tcmpcrnturu  in  mututaincd  at  about  the  (h>greu  natural  to 
Ihe  blood  aa  it  ckcuktu  in   tho  liring  body,  the  lau- 


*  Kiir.  *9-  Rcl  anil  whiw  lloud'coi-piistloa,     o,  Wliiltf  wrjjiucle  of 
nstuni  atjK-et :  t,  Tlitre  whito  cgrjxuclu  uctcil  on  by  wcuk  auutieiviiL 


78 


THE  BTX}OD. 


cocftM  can  bo  Mftn  ullnmab^ly  uontractiDg  unH  (lUutiug 
very  aloirlf  at  various  parts  of  their  ciicumfereitce. — ahoot- 
iuK  out  invK^lar  )>KK«aa(M,  aud  nguin  withdniwia^  tbttm 
I>artiiiily  or  oomptcd'Iy,  mul  thu«  ia  eucooKion  ivwanuBg 
vnridUB  irrvfculur  forinii. 

Theso  iuoT«monts,  C4illo(l  amaboid,  from  their  roMiu- 
blance  to  the  moTemente  exhibited  by  an  auimal  caU«d 
tlift  Amalxi,  tltu  iitrui'tuTf!  of  wluclt  ih  am  tutnpio  tut  UiiU  of 
a'  white  blood- corpuscle,  an?  ch&racteriBti<;  of  tlto  liriiig 
1«ueocji'te,  and  form  a  (food  example  of  th«  cnittnuilile  pro- 
portyofprcflopliwm,  liefonjrofCTTod  to.  Indood,tb«UDcluing- 
ing  rounded  t'orm  which  tlie  corpUDcles  prraent  in  q>ecimeas 
of  blood  examined  in  the  ordinary  uianner  under  Uie  ini<TO- 
Hcop4!,  luiint  bo  IooIcmI  upon  as  tho  uluipu  nittiiriU  to  a 
dead  corpusde,  or  ono  whoso  ritolity  ia  dormant,  lathor 
than  OK  the  proper  ahape  of  one  living  and  autiv«. 

llcndos  thn  nid  iind  whitu  coqiti«i'lc»,  thu  microaoop^ 
reveals  tiuuiorou?  miauto  7nolrcute»  or  </ranuU»  in  iJie  blood, 
ciri!ulur  or  spheriml,  and  varying  in  bum  trom  tho  moat 
minuto  Tisible  speck  to  tho  tuW  ''^  "^  ^■^'>  (OuUiTer). 
These  molecules  aro  very  ainiilar  to  thoso  found  lu  tho 
lyinph  luid  i-)iyle,  uiid  are,  nomo  of  tliem,  fatty,  being 
soluble  in  ether,  others  probably  albuminous,  bung  80laU« 
in  acetic  acid.  Generally,  aluo,  tliere  may  be  dotectod  is 
tltu  bliKjil,  I'spidiilly  during  tho  bright  of  dip-stion,  Tery 
minute  equal'SLKod  fittty  particles,  similar  to  thoso  of  vrhich 
the  moleculur  boae  of  chyle  ia  contilituted  (Gulliver). 

Tkt  Serum, 

The  »*mm  is  tlie  litjuid  part  of  the  blood  rentoioing  ftfier 
iho  coagulation  of  tho  tibrino.  In  the  usual  mod«  of 
coagulation,  part  of  tlie  serum  remains  soaked  in  the  dot, 
and  the  rest,  st^ueezed  from  the  nlut  by  its  contraction,  lice 
around  and  over  it.  The  quantity  of  serum  that  appears 
around  the  clot  depemla  partly  on  the  total  quantity  in  tlie 
blood,  but  purtly  also  ou  tlie  degree  to  which  the  dot  con- 
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tracts.  This  is  oiTocted  hy  1000}*  drntmstanceB :  gcnerall;, 
the  Caster  the  coogulatioa  tbe  leaa  b  the  antoant  of  con- 
troditHi ;  and,  tlu:n>furi>,  ivhtm  lilixxl  coagulates  quickly,  it 
will  appear  to  contain  a  small  proportion  of  aeram.  Hence, 
the  scniin  olwuja  upiwuta  deficient  Id  Uood  dmwn  slowl}-  into 
•  dudlow  vtmtf},  nbu&dant  ia  infiammatoiy  blood  drann  iuto 
a  tan  Teasel.  In  all  caM«,  too,  it  should  he  r«ni«mbcnrd,  that, 
tiiux  llio  contraction  of  th«  clot  mnj*  continue  for  thirty- 
six  or  more  hours,  the  quantity  of  serum  in  the  blood  uui- 
not  be  eroD  roughly  estimated  till  this  period  htt»  clupieail. 
1b»  sorum  ts  on  olknline,  slimy  or  viscid,  y«llon-i«h  tluid, 
often  preeeDtiog  a  slight  gr«enieh,  or  greyish  hue,  and  with 
a  specific  grarity  of  from  [025101030.  It  ia  twnjioMid  of 
a  mixture  of  various  subetoDccs  (li»olT««d  in  about  nine 
tiniee  their  weight  of  water.  It  contains,  indeed,  tlio 
l^reater  port  of  all  the  subitancea  ttnumonitod  as  nueting 
in  the  blood,  with  the  exception  of  the  fibrin  and  the  red 
corpuscles.  Its  printipnl  constituent  is  albumen,  of  which 
it  contains  about  8  per  cent.,  and  the  ooiigulntion  of  which, 
when  heated,  converts  nemrly  the  whole  of  tlie  senim  into 
a  solid  mass.  The  liquid  wbii.-It  remains  untnogtilntcd, 
Mul  which  is  often  iiicloRrd  in  litllo  cavittos  in  the  coagu- 
lated serum,  is  called  ttrotity  :  it  contains,  diasolvud  in 
water,  fatty,  extractive,  and  saline  mallora. 


Tofiationtin  tht  principat  ContiitutnU  of  Ihe  Uqaar  SanguinU, 

The  wafirrof  the  blood  is  subject  to  hourly  variations  in  its 
quantity,  according  to  the  period  uiice  tlic  taking  of  food, 
the  amount  of  bodily  exercise,  tiie  slato  of  the  nlniosphere, 
and  all  the  other  events  that  may  aSect  cither  the  ingestion 
or  the  excretion  of  Uuids.  According  to  thcKe  conditions, 
it  may  vary  Iram  700  to  "90  parts  in  thu  tli'iiisaBfL  Yet 
uniformity  is  on  the  whole  mftintaineii;  becauae  nearly 
aU  thoso  things  which  tend  to  lower  the  proportion  of  water 
in  the  blood,  such  na  active  exerciae,  or  the  addition  of 
'^j^M  and  other  solid  matter,  ozdtc  thirst;  while,  on  the 


So 
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other  band,  tlie  addition  of  an  excess  <d'  vater  to  the  blood 
18  qiucJcly  foUoved  by  its  more  eopiou*  excretion  in  nreat 
and  mine.  And  thww  mwuu  for  adjnsHng  tlie  proponkm 
of  die  water  find  thvir  purpose  in  maiaUuniog  cttrtuin  im- 
p(Mtaot  plijMml  coudiliou!!  in  die  blood ;  such  ag  its  propw 
Tiecidity,  luid  the  degT««  vf  it«  sdliMton  to  thtt 
tliToiiglt  nbicli  it  ou);;ht  to  llow  iritb  tbu  leant 
neiHtanoo  from  friction.  Ou  Uiifl  nlw  depoods,  in  greal 
measure,  the  ociivily  of  >b«orpdon  hy  the  blood-veMdi, 
into  whii'h  nu  fluids  will  quicldj  penetrate,  hut  sucJi  wan 
of  leas  d«R*ity  thiin  th»  blontl.  A^in,  tho  quanti^  of 
water  to  tL«  blood  determinos  ctiieflj'  ita  Toluine,  and 
thereby  tlio  fulntna  and  tension  of  the  veawU  and  Ibe 
quantity  of  l^uid  that  will  rxudo  from  them  to  keep  the 
tivsuM  moist.  Finallj-,  tbo  water  ia  the  general  oulvunt  oS 
oU  tho  odwT  mulimuU  <>f  the  li<[uor  Mmgoinio. 

It  IB  Tomarkabl«^  that  the  proportion  of  water  in  the 
blood  may  be  aometimee  inoreaK<l  even  during  it«  ubstnw- 
tion  from  an  ortviy  or  rein.  Thus  I>r.  Zimmerman  m 
bleeding  dogf,  found  the  lost  drawn  portion  of  Uood 
contain  12  or  13  parts  more  of  water  in  lOOO  than  tba 
blood  tint  drown  i  and  I'tilli  notiood  a  corresponding 
diniiuution  in  the  specific  gravity  of  the  bumui  bh)o4 
during  v<!:ie»i%'tion,  and  su^^^tod  tlui  only  probable  6X* 
planation  of  tlie  fact,  namoly,  tltat  during  bleeding,  the 
blood -TcaaeU  absorb  very  quickly  a  part  of  the  aeroiM 
fluid  with  wlitch  idl  tlm  tiiauca  urn  moiatoncd. 

The  iilbume"  mayrory.  00Bai8t«ni]y  with  heallfa,  from  60 
to  70  parid  in  the  lOOO  of  blood.  The  form  in  which  it 
existB  in  tho  blood  ia  not  yet  crrtain.  It  may  be  that  of 
umple  solution  as  pure  albumen :  bat  it  ia,  more  probably, 
in  combination  with  soda,  as  an  albununato  of  Eoda  ;  for, 
if  serum  be  much  diluted  with  water,  and  then  ncutralind 
with  acetic  ac-iJ,  pure  albumen  is  deposited.  Another 
riow  ontcTtiiinod  by  Knderliii  in  tliat  tbo  albumeoi  ia  diB- 
solved  in  the  solution  of  tho  neutral  phosphate  of  sodiinnf 
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to  wliiok  hb  conwbin  tlw  nUfnlino  reaotion  of  the  blood  to 
tin  duo,  unci  aolatioiLS  of  which  can  diisolvo  ttu^  qnktttiUu 
of  olbamen  aod  phoephxte  of  Lims. 

Tho  pro]iortiiin  of  Jibrin  ia  healthy  blood  may  rary  be- 
twt«n  2  and  3  parta  in  looo.  In  •onw  tJirfunrt,  auh  m 
^hiH,  anilothani»f  low  typo,  it  maybe  as  litUeu  1*034; 
in  other  rlis^asee,  it  is  said,  it  may  be  iocreaaed  to  aa  muofa 
as  ^•$2&  jmtU  iu  IOOOl  But,  in  oatimatiag  tho  (juontity 
of  fibrin,  cboniista  hara  Dot  taken  aocoost  of  tlte  white 
ooipuadea  of  tho  blood.  Theee  cunDot,  by  unj  rood«  of 
oaalvM*  yet  invented,  bo  Mparoted  frvm  tho  fibrin  of 
tnammaliiui  blood :  their  compoailion  is  unlfnown,  but 
tlieir  weight  ts  alvays  iniluiiixl  in  tU«  eKtiinatn  of  tlut 
fibrin.  In  linulth,  thoy  atay,  perhaps,  add  too  little  to  its 
weight  to  merit  oonademtioo ,  but  in  many  diseaaM,  eqta- 
eially  in  iuHammatOTy  aoA  olber  blood  diiMiuieK  in  which 
tho  fibrin  is  said  to  bo  incrcasml,  thmo  oorpuscles  become 
ao  numerous  that  a  lart^  proportion  of  the  >up]>aiicd 
incronso  of  tin;  fibrin  inurt  be  duo  to  tJirir  being  weighed 
with  it.  On  thi^  arcount  all  the  statoments  rea]iocling  tho 
increase  of  fibrin  in  certain  discaaea  neod  rorision. 

The  enunionition  of  iho/auif  mattert  of  the  blood  makea 
it  probable  tbat  moet  of  those  which  are  found  in  tbw 
tiwiiuai  or  aeeretionH  exist  aim  rftndy-formnd  in  the  blood; 
tor  it  oontaina  tha  cholestertD  of  tlie  bilo,  the  oerebrin 
and  phoaphoriaed  bt  of  the  brain,  and  the  ordinary  naponi- 
fiablc  fats,  stearin,  otoio,  and  palmittn.  A  volatile  ttttty 
acid  i&  that  on  which  the  odour  of  the  Mood  mainly  de< 
poDils ;  uiid  it  is  supposed  that  when  sulphuric  iwrid  ia 
added  [sc'i  p-  57),  it  evolvun  tho  odour  by  combining 
with  the  base  with  which,  naturally,  this  add  is  neutr»- 
liacd.  According  to  Lebniann,  much  of  the  Cuty  mattar  of 
ths  blood  ia  uccumuLiteU  In  tho  red  corpuiwteH. 

These  btty  matton  nre  subject  to  much  variation  in 
quantity,  being  commonly  iucreafied  after  every  meal  iu 
which  fat,  or  starch,  or  auoeharino  substanoes  have  beau 
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At  Mdi  tiiQM,  tl»  &Uy  pazticlea  of  tbn  cl^lc, 
■ddad  qnicklj  to  tlw  blood,  n*  oolj  gntduaUj  aaaimilated ; 
•ad  Uicdr  qitautitjr  Biaj  b«  BOfficteot  to  huIm  the  Knnn  of 
th«  bloud  «qiiai]iM,  or  even  tmUC'lilce. 

A»  ngsrita  tli«  utorganie  eoatitutnU  of  tlm  blood,— tfca 
I  wbkii  i«muD  M  mAm  after  its  complete  bunung 
may  obaerre  in  gi-neral  Uteir  noall  quutti^  in  pro- 
portion to  tb«l  of  tbo  uiimal  matter  omtnined  in  iL 
Tboee  among  tbem  of  peculiar  interest  are  the  phosphate 
and  carlxinato  of  toditim,  ukd  tho  phowhato  of  oalcinA. 
It  appears  meet  probable,  that  the  blood  owoa  it» 
tMirtion  to  both  theae  aalta  of  sodium.  The  existence  ofi 
aeutral  phos^iata  (Niigll.l'O,)  wa»  prared  hy  Eiidcrlu: 
the  preoeooe  of  eaibooate  of  aodinm  has  been  proved  bj 
Lehnuinn  and  otbsn. 

In  iliusttstiiMi  of  the  duracteri  which  the  blood 
derira  from  the  phoephato  of  audium,  Ltobig  [KiiuU  out 
largv  Mpaci^  vhich  eolations  of  thnt  wit  have  of  abeotti- 
iag  carbonic  acid  ^aa,  and  then  very  readily  Kiving:  it  off 
again  when  agitated  in  atmoapheiiii  air,  and  wheu  lb* 
aUBOCphehc  pressure  is  diminished.  It  is  probably,  ebo, 
by  meaus  of  thit  wit,  that  the  phospliate  of  uahziua)  is  held 
in  BolatioD  in  thv  blood  in  a  form  in  which  it  is  not  BoluUe 
in  irater,  or  in  a  solution  of  albumen.  Of  the  remaining 
inorganic  ooustituouts  of  the  blood,  the  oxido  and  pho*- 
phato  of  iron  roferrod  to,  exist  in  the  liquor  sanguiim, 
independently  of  the  iron  in  tlte  corpuw^lisi. 

Svhniidt'it  tDVcatigatioDs  have  shoini  that  the  inc 
constituents  of  the  blood-cells  somewhat  dilTw  from 
contained  in  the  serum  ;  the  forutt^r  j^MMusniug  a  «oi 
ablu  prL>|K>uderauce  of  phosphutea  mid  of  the  salts  ot  ] 
•juni,  while  the  chlond<«,  espociotly  of  sodium,  with 
phate  of  sodiuin,  are  partiuularly  abundant  in  the  latter. 

Among  the  txlraelite  matten  of  the  blood,  the  meet 
noteworthy  are  CreMin  and  Craatuiin.  Beeidos  tfaese^ 
Other  organiu  priuciplus  have  been  found  cither  oonslantly 
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at  genenlly  in  th«  hUtoA,  induding  ratein,  ospocuitljr  in 
wontea  during  lactation :  ytueote.  or  gmpttuyar,  found  in 
thu  blood  of  tbu  hepatic  xem,  1>ut  di.iuppiinring  during  ilj 
tnuuit  liirougli  tho  lungs  (liomard);  urea,  sud  id  very 
iiunut«  quaulitiee,  aric  acid  (Oanod) ;  hippurie  and  laetie 
aeiJ*;  ammonia  (Kich«rd»on) ;  and  lastly,  certain  coioKring 
and  oitorifmiia  matters. 

FAriotMnu  in  keelthji  Blood  undtr  difftrtnt  Circamtlanc<a. 

As  the  general  condition  of  the  body  depends  bo  much 
on  tba  oondition  of  the  blood,  and  as,  on  the  other  band, 
itaytlitRg  that  afTocti*  tlui  body  must  wooiinr  or  later,  and 
to  a  givAtor  or  less  degree,  nQmt  Iho  blood  also,  it  might 
be  expected  ihAt  von&idetable  variatlona  in  th«  (jmilitie!!)  of 
tliia  Buid  would  bo  found  unditr  diifuruiit  ciiv-unistAnres  »f 
diiWMe;  and  Huch  is  found  to  bo  th«  case.  Kven  in  he&ttJt, 
however,  the  general  coinpo«iilioa  of  the  blood  variea  can- 
Kidorably. 

The  conditions  which  appear  most  to  iniluence  the  com- 
poutiuii  of  ihu  blood  in  htiitllli,  are  these :  sex,  pregnancy, 
age,  anil  tcmpcranx^nt.  The  composition  of  the  blood  is 
also,  of  course,  much  inlluenced  by  diet. 

1.  Stx. — The  bIcH>d  of  men  diffom  from  that  of  women, 
obiedy  in  being  of  somewhat  higher  spedllo  gravity,  from  its 
containing  a  relatively  larger  quantity  of  red  corpuswlm. 

2.  Prtgnancy. — Tli«  blood  of  prngnont  women  has  a 
rather  lower  specific  gravity  than  the  arernge,  from  de> 
ficieni^'of  red  corpUBcl<^!i.  The  (juautity  of  white (.'Orjiuvclos, 
OD  th«  other  hand,  and  of  fibrin,  in  incrousod. 

3.  Aye. — From  the  analysis  of  Donis  it  appeara  that  tha 
blood  of  tho  fiDtus  Is  very  ricb  in  solid  matter,  and  n«pe- 
cially  in  red  corposdea;  and  this  tandilion,  gradually 
dimiuishiiig,  conttDues  for  some  veehs  after  birilu  The 
quantity  of  solid  matter  then  falLt  during  childhood  below 
the  &ve»^,  again  rises  during  adult  life,  and  in  old  aga 
fjilLi  agaio. 
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4.  TfirtpfraMfnt. — But  Uttlo  morn  is  Idiown  ootunmia^ 
tlio  coun^eltoQ  of  Uus  with  Uw  condition  of  th«  bh>od,  thao 
tbat  thnre  apprjin  to  }k  u  n'tatively  Ur^^  tjuanti^  of  solid 
natter,  and  particularly  of  red  rorpu(cIe«,  in  thoso  of  a 
plvtlioric  or  aauiruiuooua  t^iniierament. 

5.  Dift. — Sucii  difforMKea  in  tba  oompoaition  <rf  th« 
blood  as  aro  duo  to  the  temponuy  prMSOCO  of  %-arimLi 
mutters  absorbed  with  the  food  and  drink,  as  w«Jl  au  thm 
luorA  leMiug  chaugva  which  inuat  result  irom  g«Beraas  or 
poor  dic4  rc!«pectiv<dy,  itond  bo  h«r«  only  rafenvd  to. 

Efftvts  0/  liUetiiu'j. — Tho  result  of  bJeedinc  is  to  diBkinM|H 
the  i([M>ciiic  gravity  of  tha  lilood ;  and  ao  qtiifkly,  that  i^H 
BOglo  Tenemction,  tho  portion  of  blood  Ust  drawn  ha*  often 
a  leat  apecifio  grarity  tban  that  of  the  Uood  that  flowed 
firat  (J.  Davy  and  I'olli).  Tliin  i»,  of  coiirw,  dun  to  ab- 
sorption of  fluid  from  the  tiseues  of  the  body.  The  phyao- 
logical  im^tort  of  this  fui-t,  Humdy,  thn  inHtnat  abM>TptiOB 
of  liquid  from  the  tissnes,  is  the  snino  as  that  of  the  inteOM 
thirst  which  is  ho  common  after  either  loss  of  blood,  or  the 
ttbiitraction  from  it  of  watory  Hiiid,  iia  in  <!hol«m,  (liabetBi^ 
and  tbo  like. 

For  some  little  time  after  bleeding,  the  want  of  ni 
blood-ccUa  i»  is'dU  mnrktid ;  but  with  tliU  «xreption,  no 
conaidcTAble  alteration  seems  to  be  produced  in  tlio  com- 
positiou  of  the  bluud  for  more  than  a  very  Hhort  time,  the 
loes  of  tliQ  othiir  ronstitiicnte,  incluiliug  the  pale  corpusdegi, 
being  veiy  quickly  repaired. 

Variatiom  in  tit  Componti'm  of  the  Blood,  in  different  ParU 

ttf  the  Body, 

The  composition  of  the  blood,  a«  might  b«  expect«d,  is 
found  to  vary  in  ditrerc-nt  parts  of  tbo  body.  Thus  arterial 
blood  diHera  from  venous;  and  althou^'h  its  cumposjtioo 
jiud  gt'iii-rid  characters  are  uniform  throughout  the  whoU 
course  of  the  systemic  arteries,  they  are  not  so  throughoat 
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tlui  veuotu  R^vtotn, — the  blood  eontxiuied  in  aome  want 
<UfferiDg  lenurkuMy  fmin  tlint  in  othors. 

I.  DifftrmctJ  brtireta  arttr'utl  and  unMU  tlonj.— ThCM 
may  be  umiged  under  tiro  lieuds,^~diiIu»iU]ett  in  ealouf, 
and  in  ffentrat  coinpoation. 

».  Ciihur.~^aaixrtang  the  OMM  of  th«  diflieMnioo  io 
cdoar  botvroon  krtdrial  and  Teooiu  blood,  th«ro  has  boMt 
much  doubt,  not  to  uy  MUifuxion.  For  whil«  tb«  toArlftt 
<nlour  of  tW  ■rterial  blood  baa  been  suppoMd  1^  tamo 
observers,  tund  for  Bone  reaMiu,  to  be  ilut>  to  Ibn  chntnical 
utiun  of  oxTgon,  nnd  (ho  purple  tint  of  that  in  the  Teins 
to  tJw  uAma  of  carbouio  ««d,  iheru  at*  UtAa  nliicli  mnilu 
it  wevi  prubabl«  that  tlw  cmim)  wnN  ■  mechank'At  ono 
rutber  thnn  a  ditTtnicit),  and  thttt  it  dq^md^  on  n  difierenoe 
in  tbe  almpe  of  the  tvd  (<or))Uii(.'laa,  \>y  wbtcb  tbeir  [lowor  of 
traiiqnittiag  and  ntHrcting  light  was  altered.  Thus,  car- 
bonic acid  iras  thought  to  make  tlie  blood  durk  by  otuaini; 
th«  red  cvlh*  to  niuunio  a  bit^oiimx  uiitlinv.  nitd  oxygon 
WM  Mupposod  to  nrvcrto  thn  dSnct  by  conli3cting  them  and 
i«nd«rtQg  them  bi>ooDoav«.  We  may  boliom,  howovor, 
that,  at  lowtt  for  thv  prsMiit,  this  vexwl  quwtioo  baa,  b; 
tfa*  r«mlta  of  tDrwtigntions  und«ttakeQ  by  Proieaaor  Stokes 
and  others,  been  now  set  at  real. 

The  colouring  uutttcrof.tlialdood,  orhipmoglnbiD  (p.74)> 
is  cnpntilo  of  oxisting  in  two  <lifl'erent  etatea  of  oxidation, 
■ltd  tbe  respective  colours  of  arterial  aiul  vcuoua  blood  are 
outsod  by  dififlroncaa  in  tint  between  thmo  two  ruriotios — 
oxidised  or  Bcarl«t  hnrooglobio  and  deoxidised  or  purple 
hKimoglobin.  Thechnageof  culinir  produL'cd  bf  t-bo  paMag« 
of  Um  blood  tlirougb  the  lungs,  and  its  consequent  exposure 
to  iixyg«n,  is  due,  probably,  to  tbe  oxidation  of  jHirplfl, 
and  iM  oooiTvrsion  into  scarlet  hiDmoglobin;  u-lul«  tho 
readincM  with  which  the  latter  is  de-oxidised  offers  a 
reaaonablo  explanation  of  t)i«  chungn,  in  regard  to  tint,  of 
arterial  into  venous  blood, — the  transTormntion  being 
ctTei'ted  by  the  delivvrln);  up  of  ox^^^en  to  the  tissueo,  1^ 
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ifap  scarlet  fasmoi^lobiii,  durmg  the  Uood's  paaea^  through 
the  VHpillariva.  The  ohiutgui  of  csoloiir  ant  more  |trob«bly 
duo  to  this  osueo,  ntuDnly,  a  varj-int^  qiinntitir  of  oxygen 
diemically  combined  with  the  luiiaojrliiliio,  Uian  to  any 
mrclinnitnl  rfftxt  of  this  goK,  or  to  th«  iiifiu«iu«  of  CMHwnie 
acid.  ^ith^T  chemically,  OQ  the  colouring  matur,  or  m«- 
diauiiiilly,  on  tlie  corpuscles  vliich  contain  it.  We  sro 
not,  iwrhapc,  in  n  poiiitiim  to  ilnny  altognthdr  tho  poMiblo 
inUuence  of  niechanictil  condilioDR  of  tlie  red  cyn^iusotes  OB 
thtf  Miloiir  of  iirti-ritil  iind  Ti-tioim  Iiluiid  ri'sjiMitiviily ;  hut  it 
ie  probalilEi  that  this  c^»st<  nbtio  votild  \x<  quite  iosuffldent 
to  t-xplain  tlie  differences  in  die  colour  of  the  two  kinds  of 
hlootl,  mid  tlKTcfurii  if  it  he  en  ^leninnt  at  nil  in  tha  cfaaogot 
it  must  be  nllowrd  to  tnko  only  n  subordiniile  positioa. 

Tlie  liiatinction  between  the  two  kinds  of  beemoglohin 
naturally  prcnont  iu  tho  blood,  or  in  other  word*,  tlw 
proof  that  the  addition  or  subtraction  of  oxyg:eti  inroln^H 
the  pioduction  respettively  of  two  eubetances  haring  fundi^l 
mental  diffcreui'es  of  chemicnl  constitution,  has  bven  ma<l« 
out  chiefly  by  ipfctntm-niiohjsit, — tie  effects  produced  hy 
pliicing  oxidised  and  de-oxidised  solutions  of  hnm<^lobtn 
in  the  pnth  of  o  ruy  of  light  triiVDreing  a  spcctroscopo  being 
different  For  while  the  oxidised  solution  causes  Uie  ap* 
peorance  of  tn-o  absotptian  bonds  iu  the  ydlow  and  tho 
green  part  of  the  rptctrum,  theeo  tro  rcplnced  by  a  single  band 
intermediate  in  position,  when  the  oxidised  or  scarlet  sulution 
ie  darkcneil  by  de-oxidising  agencies, — or,  in  otker  words, 
when  the  change  which  naturally  ensues  in  the  conTer«ioD 
of  arterial  into  venous  blood  is  artificially  produced,* 

Tlie  greater  part  of  the  hn.-rnoglobin  in  both  arterial  and 
venous  blood  probably  csiats  in  the  erurlet  or  more  highly 
oxidisod  condition,  and  only  a  small  part  is  de-oxidised  and 
mado  purple  iu  its  parage  from  tlu>  artorins  into  tho  veins. 

*  Tlio  Ktnileiit  to  wliinii  the  (itiiik  riiiplvyed  Id  cnnnMtion  wiA 

«p«ctruni-iiiis1}-'si.'>  are  not  rntiiilior.  is  ailvisMl  to  uonault,  wilhrerermcc 
to  tli«  ptcccdiug  parftgcapb,  no  clcmoiitary  trcatiM  on  Pbyucs. 
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■  Hie  difr«t«Dcee  in  regard  to  colour  bety.-e«D  art«nal  and 
H  venotu  blood  a»  oometiinw  tiot  to  bo  obMnrod,  If  bl<HMi 
,  nins  very  slowly  from  an  artery,  as  from  the  bottom  of  a 
deep  and  devious  vound,  it  is  often  aa  dark  as  Tenoua 
blood.  In  persons  nearly  aitjiliyxialtd  aluo,  and  aomc- 
timos,  undor  tlio  influi^Dco  of  cbloroform  or  eiher,  th« 
arterial  blood  becomes  like  the  Tsooua.  In  the  fcotua 
also  both  kinds  of  blood  uro  dark.     But,  in  all  tlioan  duum, 

Itho  dark  blood  bocotnos  bright  on  cxponuro  to  tbo  nit. 
Bernard  has  ahown  that  venous  blood  returain  g  from  a  gland 
in  aotiTO  $«crettou  is  almOKt  iuh  lirijtlit  as  arterial  blood. 
b.  Gentral  Campntition. — The  chief  ditTcrentva  botvoon 
arterial  and  ordinary  venous  blood  are  these.  Aiterial 
blood  contains  rather  more  fibrin,  tiud  rntliur  li-ss  albumen 
and  fat.     It  coitf^Intes  somewhat  more  quickly.     Also,  it 

I  contains  more  oxygen,  and  less  carboaio  acid.  According 
to  DoniN,  the  fibrin  of  veuou.-i  bluod  difr<!rB  from  artorial, 
in  that  when  it  is  fresh  and  hae  not  been  much  exposed 
to  the  air,  it  may  be  dissolved  tn  a  slightly  heated  solution 
of  nitrate  of  potassium. 
Some  of  tlie  veins,  however,  contain  blood  which  differs 
from  the  ordinary  standard  (<(>ii(iid«ral>ly.  Tlieae  are  the 
portal,  tlie  hepatic,  and  the  splenic  veins. 

Portal  tfin. — Tlie  blood  which   llie  portal  vein  conveys 

I  to  the  liver  is  supplied  from  two  diiof  jiourtiw ;  uaiuiOy, 
that  in  the  gastric  and  meeentortc  veins,  which  contains 
the  soluble  elomnnts  of  food  absorbed  from  the  etomach 
and  intestines  during  digestion,  and  th»t  in  tlio  sjileuic 
»vein;  it  must,  therefore,  combine  the  qualities  of  the 
blood  from  oncli  of  these  sources. 
The  blood  in  the  gastric  and  mesenteric  veins  will  mry 
miwb  aocordiiig  to  the  stuge  uf  digeetion  aud  the  nature 
of  the  food  taken,  aud  can  therefun:  bo  M-.ldoin  i;xaotly  the 
■■ma.  Speaking  generally,  and  without  considering  the 
tpognr,  dextrine,  mid  othor  soluble  matters  which  may 
B    have  been  absorbed  from  the  alimentary  canal,  this  blood 
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Uppoun  tu  be  dcfioent  in  nlid  mittera,  wpeoiaUf  ■■>  tt^ 
oorpuec)e8,  oviD^  to  dilution  hj  th«  quantity  of  water  tJa- 
florI)f  d.  to  c'oataiu  an  exoefia  of  albumen,  tlwugh  r-hi«fty  of 
II  lowirr  kind  lliaa  uitaal,  roHultiitg  fixmi  the  digestion  of  ni> 
trogeoised  sub«taDcee,  and  t«nncd  albuiuinoM,  nn<l  to  vield 
a  IvKs  t^amwMA  kind  of  fibrin  lliaii  tliat  of  Uood  gBoerKlljr. 

'llio  blood  from  tlie  i>])l(!Dic  rtiin  La  probaUj  more  detintU 
in  compositiou,  though  also  liable  to  nllarntions  aevording 
to  the  ittagn  of  iha  digcnlivfl  prooeas,  and  othor  nTcura- 
Rtaocea.  It  soenu  generally  to  b«  deficient  in  red  oor- 
I>u8L'lea,  aud  to  L«ntain  an  tmuBually  large  proportion  of 
itlbiitDcii.  The  librin  Eoeiim  to  vaij  iu  relative  amount. 
but  to  be  almost  alwars  above  the  nvengo.  Tlio  propor- 
tion of  coleurlees  4X>T^>uAdes  appeals  alao  to  be  iuiuaiia% 
largo.  TliA  whole  quantilj  of  aolid  matter  is  decreued, 
the  dimiuution  appearing  to  be  chiefly  in  the  proporlioo 
of  red  corjiuiirlo*. 

The  blood  of  the  portid  vein,  oombining  the  peculiaritiM 
of  ita  two  factors,  the  sptenio  and  aeBenteno  Tenoos 
blood,  in  unually  of  luwer  njwcific!  pravity  tbnn  blood 
generally,  ie  more  vntery,  coDtoios  fencr  red  coipuaole^ 
more  albumen,  chiefly  in  the  form  of  albuminofte.  and 
yieldd  u  IcMs  firm  clot  tbaii  ttiut  yiitldi-d  by  other  blood, 
owing  to  tlio  deficient  tenacity  of  its  fibrin.  Thete 
characlerifitios  of  portal  blood  refer  to  the  coiupoakition  of 
the  blood  itself,  and  have  no  rrfi'iMitw  to  tho  oxtntneous 
eubetances,  such  as  the  absorbed  materials  of  the  food, 
which  it  may  i<oiiluiu ;  neither,  indeed,  ban  any  oouplete 
oniilrsis  of  these  been  given, 

Comparatiro  analyses  of  blood  in  the  portal  rein  and 
bloud  in  the  hepatic  veiuB  have  also  bemi  lnM]U(^iitly  made, 
with  the  view  of  determimng  the  changes  which  this  fluid 
underguee  iu  ita  trunsit  thruu^h  tite  Uver.  Great  dintmty, 
however,  is  oliSGn'iible  iu  the  analyses  of  Ihrso  two  kinds 
of  blood  by  dititfrect  chemists.  Part  of  this  dtvemty  i«  no 
doubt  attributable  to  the  faul  pointed  out  by  Buriiard,  that 


GASES  OF  TUB  BLOOD. 


89 


uoleH  the  jrartal  rein  U  tiM  bcforo  tho  Utbt  w  jvtaortA 
from  till)  liody,  hepatic  renous  hlood  is  rery  liable  to 
ngorgitato  into  tfa«  |Mrt4tI  roin,  nntl  thus  ritiule  t)i«  tewilt 
th«  analj-si*.  Ouardiog  ngwinst  thia  sotircd  of  oiTor, 
t  obaemrs  Memed  to  faav«  deterouDed  that  bepatio 
venouB  blood  contains  Insa  vrattr,  nibunieii,  anil  lolbi,  ttiau 
bluod  of  the  portal  tvid  ;  but  th»t  it  yiekle  a  much 
amount  of  extractive  malCc^r,  in  wMch,  according  to 
and  olliora,  i*  one  conataot  olcmrat,  iiainel^,  grape- 
igar,  wfaicb  i»  found,  whether  aaccharino  or  farinacooiu 
!lBKttor  have  been  preaent  in  th«  food  or  nou 

BMddm  tha  rathor  wjd«  diff«r«nco  botwetni  tho  compoHt- 
)tton  of  the  blood  of  these  veiua  and  of  otliora,  it  must  not  ba 
forgotten  that  iu  ita  [1111111^11  through  every  organ  and  tianie 
(if  Ihii  Wly,  th«  blood's  composition  must  be  varying  con* 
Stantly,  a«  each  part  tukea  from  it  or  adds  to  it  atich  matter 
as  It,  rouglilj  spMikiDg,  wishM  «ither  to  havo  nr  to  throw 
mvnj.  Thua  tlw  blood  of  tli«  renal  vein  has  b«eii  proved 
[)>;  experiment  to  oontiun  Itua  water  than  doca  the  bloud  of 
lo  nrtory,  and  doubtlese  its  salta  too  diminished  also.  Tho 
Jood  iu  the  reual  rein  ia  aaid,  muroover,  by  Bernard  and 
rown-ijpqunrd  not  lo  congulnto. 

This  tlien  is  an  eixani]de  of  the  change  produced  in  tb« 
il>Ii>u<l  bv  ita  pnsiagt!  lltrough  11  fpnciid  cxcrutory  organ.  But 
all  part*  of  tho  IkmIv,  bones,  muscle*,  nerves,  etc.,  munt  art 
on  the  blood  as  it  posaeB  through  them,  and  leave  in  it  some 
'k  of  thiTir  action,  tixi  slight  though  it  may  Itu,  at  any 
g^veu  moment,  for  analysis  by  moans  now  at  our  disposal. 


^ontl 
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On  the  Oates  contained  in  the  Blood. 

The  giiMis  contained    in  the  blood  uro   (TarboiiSc  auid, 

pxygen,   and  nitrogen,    icx)  volumes  of  blood  coutoiuing 

.  40  to  JO  ToliinieH  of  those  gnsuH  collectively. 

Arterial  blood  contains  relatively  morn  oxyg<:n  imil  Iok-h 

rbonio  acid  than  venous,     liut  the  absolute  quantity  of 

onic  acid  is  in  both  kinds  of  bloud  greater  tlion  that  of 
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tK«  oxygon.     The  proportion  of  nitrogen  is  in  both  Tety 
smaU. 

It  is  most  probable  tbat  the  carbonic  acid  of  tlio  blood 
is  partly  in  a  Ktntn  of  simplo  solution,  luid  portly  in  a  state 
of  weulc  chcmirul  cflrabination.  That  portion  of  th«  car- 
bonic acid  whi<'h  is  clKtmically  <H(rabined,  is  oootaiiMid 
partly  in  a  bicnrbonate  of  soda,  and  partly  is  itnitvd  with 
phosphate  of  the  same  bane.  The  oxypen  is  oombined 
chemically  with  thfl  hnnnuglobin  of  th«  x^  COtpi 
(pp.  75  and  85). 

That  the  oiygen  is  absorbed  cliieflyby  the  red  corpusdm 
is  proved  by  tlie  fact  that  while  blood  is  cjipalde  Of 
absorbing  oxygen  in  considerable  tjuantity,  the  sennn 
alone  haa  Uttlo  or  no  more  power  of  abmxrbing'  Ihiti  gat 
than  pwre  water. 

D^elopmtnt  nj  th*  Blood, 

In  the  development  of  tlie  blood  little  more  can  be 
than  the  proi^osses  by  wliii-h  the  cnrpiutdon  are  formiid. 

The  first  formed  blood-cells  of  the  human  embryo  differ 
much  in  their  gi^norul  chtiriu-tnni  from  tlioKo  nhicli  bdoiif 
to  the  latt«r  periods  of  intra-uterine,  and  to  all  periods  of 
extra-uterine  life.  Their  manner  of  origin  differs  also, 
and  it  will  Ix)  wtll  pcHia^Mi  to  (Kinniilcr  this  first. 

In  tlie  proeees  of  development  of  the  embiyo,  the  plan, 
80  to  apeak,  of  thu  littnrt  and  (^hivf  blood-vessels  is  fiM 
laid  out  in  c«lU.  Thua  the  heart  is  at  first  but  a  soUd 
mass  of  cells,  resembling  those  which  constitute  ail  oUuff 
parts  of  tlie  embryo ;  and  <.<OTitinuoua  witli  thi*  are  tracts 
ofsimilnr  cells — tlie  rndimpnte  of  the  chief  blood-vessels. 

The  formation  of  the  first  blo(>d  corpuscles  is  Teiy 
simple.  While  tho  outermost  of  the  embryonio  cells,  of 
which  the  rudimentary  heart  and  ila  attendant  Vtfssela  are 
composed,  gradually  develop  into  the  muscular  and  other 
tiesiics  which  form  the  walls  of  the  heart  and  blood-vi 
the  inner  cells  simply  separate  from  each  other,  and 
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l^blood-edla;  mmo   flnid  plutna  being:  at  the  some  tim« 

Becreled.     Thiu,  by  the  aame  prooeas,  blood  U  formed,  and 

^B  llio  originally  colid  lutart  and  blood -rowutl*  nm  hollnn'od  out. 

^P     Xlie  blood-cells  produced    in  this  war,  sire  ftom  about 

TTirv  ^  TiW  "^^  ^°  '"^  *"  diami^Uur,  moetlv  -'<[ih<Ti<«I, 
^poUucid,  and  colourlon,  vitli  griinular  contents,  ond  n 
^■well-marked  oudeus.  Gradually,  th«y  acquire  a  Ted 
^Bbolour,  at  llio  Mimn  timo  that  tlie  nuclttuii  bccortifix  moro 
^'defiaed,  and  the  granular  matterG  clears  away.  Mr.  Paget 
dMoribe*  tlwm  tui,  nl  thia  period,  circular,  tbitkly  diao* 
atu^ed,  full -coloured,  and,  on  nn  nvrnign,  nlioiit  ^ihrn  ^^ 
-AD  indt  in  diameter  ;  their  nuclei,  which  are  about  i;n\| ^  of 
inch  In  diameter,  ore  central,  circular,  very  little  pro- 
sincnt  on  tlm  fMrfiicw  of  tho  cell,  and  appnrontly  vlightly 
aular  or  tuberculated. 
Before  the  occurrence,  however,  of  thia  change — from 
be  colourlon  to  the  coloured  ststa — in  many  instances, 
obably,  dutinf;  it,  sad  in  mftny  aflervarda,  a  proceaa  of 
maltiptk«t)OD  talcM  phice  by  diviirion  of  the  nucleus  and 
Rubaequently  of  the  cell,  into  two,  and  much  more  rarely, 
Fig.  30.  • 


B  V 


nree 


or  four   now  cells,   which  gradually   ucquire  the 
aractera  of  the  original  cell  from  wliicli  they  sprang. 
Fig.  30  (a,  c.  D,  b). 


JO.    Devolopment  of  the  fltit  net  nf  bloml-corpitiwlM  iu  the 
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\Vli«D,  in  tho  pTogren  of  ecabryonic  dov«JopmeDt,  tltc 
liver  begius  to  be  funned,  the  iiiuIti|)Ucattati  of  blooil- 
oelU  ia  the  wlioln  i&km  of  Uood  omm*,  nccording  to 
KoUikor,  nad  uan-  blood-raUa  are  produced  by  tJiia  urgaiL. 
Like  those  just  deacritiecl,  tbuy  are  ui  Unt  colourlw  ud 
Budeftted,  bat  afbTirurds  acquire  tbe  ordinarj'  lilood- 
ting^e.  Mid  nsemlile  i-ery  much  those  of  tlia  first  aeL  Lika 
tiieui  they  may  al«(i  multiiilj*  ^;  dirision.  In  wlitclunr 
wuy  proibictsl,  iiou-over,  vhedier  from  the  original  fc«- 
matiro  cells  of  tbe  embiyo,  or  by  tbe  liver,  theae  culound 
&uoleat«d  cetU  Iwgin  very  vaxly  in  fceiaX  lifo  to  b«  minglid 
tvitb  coloured  uon-oudeiated  corpu«t'Ied  reaembliu|t  thow  at 
llie  adult,  and  about  tbe  fuiirlh  or  fiAh  month  of  omlnyowc 
cxiotown  oiv  completely  r^aoed  by  th«m. 

Tbe  maimer  of  origin  of  tbeee  perfect  noa-nudealei 
corpuudtM  must  be  now  coundemd. 

I.  Cvnetrniiig  thi  CeVtJroM  which  they  ariw. 

a.  liffon  Birth. —  It  ifl  uDcertain  whether  they  at 
derived  only  Iroui  tbu  oclU  of  tbe  lymph,  wliicb,  at  aboni 
ttio  ptrnod  of  their  appoaranco,  begins  to  be  poured  into 
the  blood;  or  wbetlier  they  are  derived  also  from  Uie 
nucleatDtt  rod  ci^ls,  whidi  they  replace,  or  iU*i)  from  similar 
nucleated  c^.  which  KuUiker  thioka  are  produced  by  (he 
lirt-r  duriu^  iho  wbuli*  time  of  ftetol  existence. 

b.  Aj'Ur  liirth. — It  is  generally  agreed  that  aftor  birth  di« 
red  corpusclea  are  derived  &om  the  amaller  of  the  nucleated 
lymph  or  chyle- ciirpiiscles, — tkt  while  eorputcle*  of  tA*  Uoerf. 

II.   Corierming  ths  Manner  oj  tlieir  Devriopmttit. 
Tbctn   it   not   perfuct   agroemeat   amon^   phj-siologiala 


manitniilinn  mnbiTO.  A,  A  •iottvd,  iiueUxled  •niliiyo.o*]!  !n  piotBM  ol 
caavcrsioo  intu  n  bluod.(.'"ri>ii»<;l<i  :  tli«  nucku*  proridwl  witli  •  naeU- 
Din*.  II.  A  limilar  cell  vritJi  it  dividing  uuclauv ;  it  c,  the  diviniiNi  (f 
the  nndcui  ii  ciini]>!(!tc ;  at  i>,  the  «dl  alaa  ii  dividiug.  B.  A  Uosd- 
ci)r|iiiiiclc  ulmoit  cani|ilDU^  bat  (till  containing  u  low  gmialM.  r  IVr- 
fetl  bluod-corpnwlc 
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ncmniiig  tlw  prooiM  bj  irhich  lyinpIi-globDiu  or  white 
L«TpiiKlM  (oimI  in  the  foitus,  perhap*  the  rad  nu(Je«t«cI 
eUa)  are  traiujiinaed  into  i«d  Doii-ituuIeat(>d  blood-oells. 
For  whilft  Mimo  nuiintiun  that  tho  whnin  cell  is  chnngod 
into  a  lod  one  by  th^  grndual  clearing'  up  of  the  caa- 
lents,  idcludiiif;  tfa«  uutlcus,  it  in  believed  by  Mr.  \Muirtoa 
JoDM  and  many  otbcT«,  that  only  tlM'  nui^leiis  hcKromm  tho 
red  hlood-oell.  bj-  eavaping  from  its  envelope  and  acujutrin^ 
Htbe  ordinitry  blond-tint. 

^M    Of  ihflso  two  theoriee,  that  which  sapposM  the  nncWs 

^Pbf  ibo  lymph  or  chyln  gliiliiihi  to  bo  the  giMin  of  tho  riitiiro 

^^nfd  htiMd'Ociqnisclu  !•  thn  th«i»ry  now  ganet«llj  adopt(.-i). 

The  d«Tolopnieni  of  red  blood-«ells  froEn  the  coi^pusdc* 

the  Ijinph  and  chyle  cootinuee  throuf(hout  life,  and 

I  is  no  ifiuuMi  (or  inippoiiiiig  tliut  aiUr  birth  tbny  h>vo 

ay  other  ongin. 

Without  doubt,  thcae  little  hodie*  have,  like  all  other 

i  of  tho  orgntiinni,  a  tolombly  definite  term  of  exi'rt^nw. 

[and  in  a  hke  nmnner  dio  and  waste  away  when  the  portion 

'  work  allottttd  to  tbnn  )iaa  been  performed.     Neither  the 

of  tluiir  lifo,    hon-i'-vDr,  nor  th«  laiihion    of  thntr 

hn«  been  yet  clearly  made  out,  snd  we  can  only 

mirmiM  thttt  ia  theee  things  th«y  resemble  more  or  lets 

clo«!y  tliose  parts  of  tho   body  which  lie  inoro  plainly 

I  within  our  observation, 
l-'mm  what  haa  been  said,  it  will  have  appeared  that  when 
the  blood  ia  onco  formed,  its  growth  and  mnintfiianc*  are 
effected  by  the  constant  repetition  of  the  devdopuieot  of 
new  portions.  lu  tlie  some  proportion  tliut  the  liloixl  yiddii 
,  ita  niAterials  for  the  maintenance  and  repair  of  the  eerernl 
IM^d  titurues,  and  for  aecretions,  so  are  new  muteriala  sup- 
plied to  it  in  tho  lymph  and  cliyli«,  und  by  d«n;dopment 
made  like  it.  The  part  of  the  procces  which  relates  to  the 
formation  of  ddw  coqiutuJeti  has  been  deHcribed,  but  it  in 
probatily  only  a  small  portion  of  the  whole  process  ;  for  the 
OMimilation  of  the  new  materials  to  the  blood  must  be 
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pttrfetl,  in  regnH  to  i>U  thoM  iinDM»urnl>la  tmnute  par 
ticuUrs  hj  wliidi  tlie  blood  is  adapted  for  the  Dutritioo 
ereiy  tlMiie,  ud  tlw  miuntenuiuw  of  ixvcry  puculiar!^ 
each,  liuw  precise  the  assLmiUtion  must  be  for  tucfa  i 
adaptntion,  may  he  coacrired  Irom  soma  of  the  ouM  is 
w'hicli  the  blood  is  ixltcixid  b}-  diiH'nM!,  nod  hy  nMimiWim 
in  miiinUineJ  in  its  altered  efaW,  For  example,  by  cIm 
insertioD  of  vniHiitii)  maiUn,  the  blood  ut  fur  u  short  tinw 
tiiaulfeetly  disetisod  ;  how^nrtr  ntitnite  the  portion  of  vinu, 
it  ulTci.-U  mid  alters,  in  some  way,  the  whok  of  tha  Mood. 
And  the  alteration  tliuH  produ<«d,  ioconcoiTnbljr  slight  at 
it  must  be.  is  long  niaiDtnin^d  ;  for  even  'mty  ioag  after  a 
successful  vatiiuatioQ,  a  eecoiid  tDAertioa  of  tbv  virua  maj 
haro  no  elTect,  the  blood  biding  no  longer  ameaahle  to  iti 
influence,  botauae  the  new  blood,  formed  aiVir  the  racctos- 
tion,  is  Dindn  tilco  thn  blood  aa  altered  by  the  vatxtat 
virus ;  in  other  words,  the  blood  exactly  aaaiinilutcs  to  iU 
altered  nnlf  the  materials  derived  from  the  Ijrroph  and  chjie. 
In  health  wo  cannot  aee  the  precision  of  the  adjuittmtnt 
of  the  blood  to  the  tissues  ;  but  we  may  imugine  it  &Ott 
the  small  intlueuces  by  wliidt,  an  in  ra<«inatiou,  it  is 
disturbed  ;  and  we  may  be  eiire  that  the  new  blood  i«  m 
perfui'tly  assimilated  to  the  healthy  ataudunl  as  in  diaeaM 
it  is  sssiinilatud  to  the  most  minutely  altered  standard.* 

How  faf  the  assimilation  of  Che  blood  ia  uffcctod  by  an 
fbrmativA  power  which  it  may  pue£«i^  iii  comnioa  with  tW 
solid  tissues,  we  kuow  not.  That  tliis  posaible  formath* 
power  is,  however,  if  present,  greatly  miDisterod  to  Bod 
nsuat«d  by  the  actions  of  other  porta  tliere  can  be  no  doaliti 
as  l<t,  by  the  digestive  and  absorbeut  sysleuis,  and  p«i- 
liably  by  the  liver,  iind  nil  of  the  so-called  vateuUir  glun'h; 
and,  'indlij,  by  the  excretoiy  organs,  which  separate  few 
the  blood  rcfuae  maltirials,  uicludiiig  in  this  tvnn  not  onh 


*  Corrvpaiutiiig  facts  in  raUtion  to  ths  iD*ai(cniii«e  of  tbc 
by  aadiniktioa  will  bo  moatioaed  in  iho  chajiier  oa  Ntrraiiiox, 
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wute  subrtanoe  of  die  Uttnica,  but  nlito  such  motton 
IW,  having  Ixwa  tak«u  with  food  and  dritik,  laay  have  boon 
•beorbed  from  the  digestive  cimal,  aud  have  been  sub- 
aeqiwntly  found  uoilt  to  remain  ia  tliti  uirtuluting  <nirr»nt. 
And,  ^rdty,  the  [irwitw  coiutlitutioa  of  ihi:  blood  i«  ndjusted 
by  the  boUnco  of  the  niitritivo  prooesaes  for  maintamtDg; 
the  several  tissUM,  bo  that  none  of  the  mattriala  appro- 
prislo  for  the  nudutenance  of  any  part  may  ii-muin  in 
excess  in  tbo  blood.  Kuth  purt,  by  tnkiiig  fr<itn  thu  blood 
the  malcmis  it  requirea  for  )t»  majntaoaace,  is,  aa  boa 
hecn  otwcrviHl,  in  the  relation  of  an  excretot;  organ  lo  nil 
ths  r«et  i  ianstnuch  n«  by  ubstructin);  the  niuttent  jiropor 
Car  ila  outrition,  it  prerenta  excess  of  stich  matters  as 
flffoctuolly  aA  if  they  were  separated  from  the  blood  aud 
cost  out  altogether  by  tho  i-xctcling  orgtiiui  apcuiully  prcscat 
^iw  ouch  a  purpose. 

lj$t»  of  til*  Stood, 

Th«  purpaut  of  the  I'lood,  thus  developed  and  main- 
tained,  appear,  in  tlid  purfect  Hluto,  to  be  tlteoe;  lit,  to  bo 
a  source  whence  the  various  parts  of  the  body  moy  abstract 
the  mut«rial9  necessary  for  their  nutrition  and  msinte- 
iiADC«;  niid  whcuce  the  secreting  ort^ana  may  tak«  the 
materials  for  their  Toriuuii  aocrctioDa ;  2nd,  I»  bo  n 
coiutiuilly  replenliJted  frtore-house  of  latent  chemical  force, 
which  in  its  cxjiendituru  will  maintain  the  heat  of  the 
body,  or  be  transformed  by  tho  living  tissues,  and  mani- 
fealod  by  them  in  various  forms  as  vital  power ;  ^nl,  to 
coQvey  oxygon  to  the  several  tiasues  which  may  need  it, 
either  for  the  dischorgv  of  tliolr  functions,  or  for  combination 
with  thisir  rei^ise  matter;  41A,  to  bring  from  all  parts  refuse 
nattetSi  aiut  vouvey  tliuiu  to  plaiM'it  wbonw:  they  may  be  dis- 

[trged ;  5t&,  to  vrarm  uid  moisten  all  parte  of  the  body. 
Vki  of  tilt  iiarioui  ConttituenU  of  the  Blood. 
Kegaiding  the  uses  of  the  rarious  constituents  of  thu 
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blood  it  mny  Iw  m.u\  fhat  tho  mnttcr  «1nio»i  rta*olTe« 
into  KD  annlvais  of  tli«  different  parts  of  Ui«  bodj',  and  ef 
tlie  fuod  niid  (Iriulc  nbidi  (u«  lakeai  for  tbeir  nutjilioii, 
with  It  fiiibe«qu«nt  oon»i<)«rntion  of  how  tar  nay  girca  mb- 
Btituent  of  the  blood  may  be  suppoaed  to  be  on  its  vty 
to  thn  linng  tissue^  to  bi^  inL-orporatcd  with  nnd  nouinb 
th«ni,  or,  hsviog  fulfilled  its  pnrpoM,  to  be  on  it«  way  ia  « 
more  or  lees  changed  condition  to  tie  excretorj-  orpana  tob* 
ciurt  out.  It  miist  Iw  rennimbiTcd,  boKorcr,  Ibut  thv  btood 
contains  also  matters  which  seire  by  th«ir  oombostic* 
to  produce  licat,  and,  af;ain,  otltem  which  posttibl;  tfflM 
tmm  onlya  Tncchftoical,  nltbough  mort  impoitant,  pnipdV 
na  for  ioRtiiRce  the  prescrvAtion  of  tbo  due  epeclSo  gnvi^ 
of  tlw  blood,  or  »oine  otb«r  quuHty  by  which  it  ia  eniiliM 
to  maintAin  its  proper  rclnlion  to  the  vp»db  coataitiing  It 
and  to  the  tissues  throug'h  which  it  passes.  Lastly,  amoaif 
tho  conxtitui.-uls  of  the  blood,  are  the  giuea,  oxy^cs  ul 
carbonic  acid,  and  tlic  Rnbstonco*  spocially  adapted  to  Ctltj 
them,  which  can  scarcely  be  said  to  take  part  in  the  nutri- 
tion of  tlie  body,  but  are  rather  the  means  uud  vvideowa  oT 
the  combustion  bcfor«  rofcrrcd  to,  on  which,  to  s  gnti 
extent,  directly  or  indirectly,  all  vitality  dejienda. 

Albitmrii. — The  albumen,  which  exlittti  in  so  l&rg«  a 
proportion  among  the  chief  constituents  of  the  blood,  it 
without  doubt  miiinly  for  the  nourishment  of  thoMt  tO* 
tuxe.-i  which  contain  it  or  otb«  compounds  uourly  alli«cl  to  it 
DeEidus  its  purposo  in  nutrition,  tlie  nlbiininn  of  the  liqtwr 
sanguinis  is  doubtless  of  importance  also  in  the  majntcoanca 
of  those  eeseutiul  phyaical  properties  of  the  blood  to  whkli 
reference  has  been  already  made. 

Fihrin. — II  has  been  mentioned  in  a  prertoiia  pi 
this  chnpler  that  the  id«a  of  fihrin  existing  in  the 
as  fibrin,  is  probably  founded  in  error ;  and  that  it  ia 
in  the  act  of  coagulation  by  the  union  of  two  substaamit 
which  before  existed  separately  (p,  0^).     In  cooatderiiiCi 
therefore,  the  functions  of  &brin,  we  may  exclude  tho  notica 
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e,  aa  such,  in  tlie  blood  in  a  fluid  Rtate,  and  of 

I  nutrition  of  onrtnin  spedaJ  toxturiM,  uid  look 

'  (lifi  4-x{<liiniitioii  of  its  functions  to  thoa«  circumstances, 

whotbcr  of  Jwaltb  or  diMiue.  under  wliidi  it  ia  proJucwl. 

^  In  titemoTTluigc,  for  rxiimpln,  tha  fonn«tifln  of  fibrin  in  the 

Dtting  of  blood,  is  tho  means  by  which,  st  least  for  a 

tiin«,  tJi«  bleedlu^  ia  reatraiucd  or  6tupp«d;  and  the  niati-Tiid 

vbich  is  producvd  for  ttin  ptirmiiiu.'iit  liealiug  of  th<!  iiijiirod 

ooiitoins  a  coiigrilnbli?  rantnriid  probably  idonticoJ,  or 

'  n«iiHy  so,  with  lh«  fibrin  of  dolt^l  blood. 

Fatt^  ^Umen.—'Vtva  fiilty  uwtterB  of  the  blood  Hubttorro 

nioru  thnn  ono  purpose.     For  while  they  ore  tho  m««ns,  at 

least  in  part,  by  wbteti  tJie  fat  of  tlio  body,  so  widely  di*- 

trtbutiMl  iu  tho  propiir  adipiiNri  mid  other  tcxlurcv^  is  r«<- 

Lpleoished,  ihey  also,  by  their  union  with  oxygen,  assist  in 

atoining  tint  tttraiicmitiiru  (if  tho  body.    In  c«rtaiii  iM»:ro- 

i  also,  notably  lint  uiilk  and  bile,  I'at  is  an  important 

DttBtiiueuL 

Saline  Matter. — 1'bi;  U!":it  of  Ibo  saline  constttuoata  of 
b«  blood  are.  first,  to  enter  into  the  itompositioii  of  rach 
extures  uud  cecrr^ions  as  naturally  cuntain  theni,  and, 
Dodly,  to  nsitist  in  pixiwrvlng  tho  dui>  spt^citic  gravity 
:  alkalinity  of  the  blood  and,  perhaps,  also  in  preruntlug 
I  deoompunition.  Tlio  phuopluite  and  f-urbotiutn  of  iiuiliiiin, 
siiiM  maintaining  the  alkalinity  of  tho  blood,  are  said 
especially  to  preserre  tlie  liquidity  of  its  albumen,  and  to 
favour  itn  tJrculatioD  through  tho  capilbmes,  at  tlui  sama 
_ttme  that  they  inciease  tie  absorptive  power  of  tho  serum 
gaaoe.  But  although,  from  the  oonBtaat  presence  of  a 
quantity  of  saline  matter  in  the  blood,  we  may 
>  that  it  baa  tbeac  last- mentioned  imporlant  functions 
.  connection  wiili  tlic  blood  itmtlf,  apart  from  the  nulri- 
I  of  tiio  body,  yet,  from  the  amount  which  is  diiily  se- 
parated by  ibo  diffiTvnt  fii^retory  organs,  and  especially 
by  the  kidneys  ^e  must  also  boHovo  timt  a  cunaidin-ubla 

I  quantity  simply  posses  through  tlie  blood,  both  from  tli« 
L 
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ibod  and  ftom  tli«  tiuues,  o»  r  tomporsiy  luxl  uadaw  ceo- 
Btituent,  to  be  excreted  when  opportunilf  offers. 

Corjiutclft. — Thfl  iiMs  of  the  ruA  rtirpHncItB  are  ptoliablf 
not  yet  fully  known,  bat  they  mny  bo  iufmred,  at  iMut  in 
pnrt,  from  the  oorniioution  and  )>i«)>eTliea  of  their  canKmiL 
Tlu)  nffiiuty  of  htrmoglobin  for  oxygt^a  hiui  been  already 
mentioned ;  and  the  main  function  of  the  rett  corpnadM 
■ooins  to  bo  the  nliMiqition  at  tay^na  in  the  lungs  \>f 
means  of  this  constitnt'tit,  imd  its  conreyance  to  all  {uutanf 
the  body,  (opecially  to  tliosa  tiiuuM,  the  nerroiui  and  aitB- 
cular,  tlie  diKrhargo  of  whow  futictions  dopomlii  to  >o  gnnt 
a  dei!T^  upon  &  rapid  and  full  au)]]:ily  of  this  eUaneol 
T}i«  roadiiifi«  with  ivbidi  lininog-lrihiu  nlJMrba  oxygen,  and 
di^lirers  it  up  ngsiu  to  a  reduciug  agent,  »o  well  «I>owt)  by 
the  esjierimeutA  of  Prof.  Stokes,  adiDtrubly  adapts  it  bt 
diia  [iiiqidiKv  IIi>w  dir  the  r«d  corpiisclcn  am  conoomd 
in  the  nutiitton  of  the  tissues  is  quite  unknovrn. 

The  rehitioa  of  the  wbitp  m  the  nid  coipiiBeloH  of  iha 
Hood  hii9  hpiiu  nlrpiuly  conniilrivd  (p,  92}  ;  of  the  fuDctitnM 
of  the  former,  other  than  are  concerned  in  tbla  rolationahip^ 
nothing  is  pOEttiri-ly  kouwu.  {tt^oont  ohwrrationa  of  dn 
migrntion  of  tb«  wbit«  (MrpnscJes  from  th«  interior  of  tin 
blood-vessels  into  [be  surroundinf;  tissues  (see  S«<!tiOB,  On 
tho  Cin-uliitiDii  ill  thi>  <'iipilUiri<9)  have,  however,  opmtd 
oat  ft  tnrge  held  for  invostigntion  of  their  probuble  fW- 
tioiia  in  (!Oimeclioii  nilh  ilie  nnlrilion  of  thn  textONlt 
iu  wliivh,  well  iu  health,  thcj-  op^war  to  vander. 
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CHAPTER  VI 


ciit(;iri.iTiox  OF  trb  blood. 

Thk  body  u  diriileil  into  two  chief  cavitieo — ■the  ctifa  or 

f thorax  KDd  aMomtn,  hf  B  curved  muaoular  partition,  called 

[iho  iliapknyu  (6g.  31).    Th«  cheat  U  ftltno«t  enttrelj'  filled 

'  hy  the  lungs  aud  heart ;  tlio  liitt«r  bclai;  fitlod  iji,  so  (o 

B])eak,   li«iw<!»n   tliii   two   luag^   n«ni«r   tlto  front   than 

ttu)    )>«ck  of  the  chest,   and  partly  oTOrlapped  bj   ihcm 

(fig.  31).     Each  of  ihew  or^ana  is  cntitainad  in  m  diiriiucl 

I  iMg,  mild]  mi{iectiv(ily  tho  riglit  and  left  pkiira  «nd  the 

pea-icurdium,  the  latter  being  fibrous  in  the  main,  hut  lined 

I  CD  the  inner  ssjieot  by  a  *tuon(li  »hitiiiig  epitliolial  corerin};, 

I  on  which  ran  gliih',   with  but  litlte  fiiction,  Uia  ec|tudly 

[smooth  surface  of  the  heart  enveloped  by  it.     Id  fig.  3 1 

l-tho  coutoining  ba^s  of  pleum  nud  jiericurditira  are  sup- 

lltoeed  to  haro  been  romored.     FiitortDg  tha  chest   tjeom 

labore  it  a  large  aad  l»it(;  air-tuhe,  oallod  the  trachea, 

[iv-hii:b  dividoif  into  two  brnnrhcs,  o«i«  for  eodi  lun|;,  and 

[tbrotigh  which  air    paiisea  and    tepassea   in    respiration. 

rSpringin^  from  the  upper  part  or  liaiu>  ut  tlui  heart  may  bft 

I  wen  tlw  large  vtuwcU,  arl'TriiHi,  mid  toids.  which  convey 

fUood  either  to  or  from  this  organ. 

In  1h»  lirin);  )>ody  tliii  hi^nrt  uiid  luii^  are  in  constant 
lie  moreraent,  the  result  of  which  is  an  iiiioiiuiuug 
of  air  tliruujth  tiie  Iraohea  alternately  into  and  out 
the  lungs,  and  an  nucwMing  stream  of  blood  into  and 
nut  of  Ibe  heart. 

It  is  nith  thifl  Ut>t  oroDt  that  vrn  nro  ooncomed  espocially 

in  this  duipter, — with  the  means,  that  is  !•>  say,  by  which 

the  blood  whivh  at  one  momeat  ia  forced  out  of  the  heart, 

lis  in  a  few  momeots  more  rcturmxl  to  it,  again  to  depart, 

]aad  again  paw  through  tlie  body  in  coutjo  of  what  ia 

u  -2 
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techtticnUf  ciill»l  the  eiretttatimi.    The  pnrpoees  for  whid 
tliU  un«.-a«m^  cuneut  is  muntaiaed,  are  ibdicated  in  ilw] 
iiio-o  of  thn  blwxl  I'nuinnritted  in  tli«  preceding  chapter. 

The  blood  U  ooaveyed  kwaj  from  tbe  heart  bf  tks 
artfrits,  anil  twtunied  to  It  by  tlie  mtif  ,■  tlio  uiKu-itM  and 
Tvioa  boing  continuous  with  «iK^h  other,  at  one  end  iij 
neons  of  tlie  heart,  and  at  the  other  hy  a  fine  nolwork  of 
ToaaeU  culled  tha  eapiltaria.  Th«  blood,  thrrfrfore.  in  itt 
pasMgo  flv>m  tho  hourt  pnwra  first  into  the  arteries,  thai 
into  the  ca[ilUarieB,  and  loAtly  into  ths  Teiiis,  hj  which  ti 
is  oauv(7«d  back  ai;ain  to  tlic  Lvurt, — thus  completing  • 
roTolutioo,  or  ciKulmiion. 


Artrty, 


As  generally  duicTibed    Ihero   nir   luo   <?irculatio<ns  by 
rhich  uU  tlia  blood  must  pass:  the  one,  a  shorter  cimiil 


*  fig.  3t.  Viiw  nf  hpnrt  ainl  luii]cii  in  tilu.  Tlie  front  portisBrf 
tliO  i-^«»t-wiill,  auil  till'  cuter  ur  purvfal  lay  ant  of  iLr  jJqurc  and  pan- 
emUiua  bave  bMii  reuiuvnl.     Tim  tiuigi  u«  lartl;  coUaiiwd, 


THE  ClBCrUTlOS. 


lot 


f 


from  tli«  ]i«.trt  to  tho  hingn  nn<]  bnrk  ngaia ;  tho  olber  and 
inrger  dmiit.  &om  llio  heaii  to  all  i>art8  of  Ibe  liody  kd*] 
liMck  u^iu ;  but  mora  titri<-tlf  Kpmkin^,  there  is  oolj  ou€ 
Wto^ltne  dreubitioo,  wliich  maj  be  dtugraiainiittrnlly  repm- 
MDted  bj  a  double  loop,  u  io  tlio  occompanjing  6gan>. 

On  rderaDco  to  ^.  ji.  • 

tbia  ii^re  and 
uotiviug  Um!  di- 
rrction  of  the  tti- 
rows  w'lik'li  rejirt-' 
iM-'iit     the    (wun'i- 

I  of  tlie  Blreatii 
of  blood,  it  will 
1>o  ob«enod  thai 
yridia  tliere  ia  u 
•rntiiUeT  nnil  o 
larger  drde  both 
of  wbidi  paaa 
Ihroug-h  thRhojirl., 
y«t  tliat  tbew  are 
not  dialiucC,  oul- 
from  llio  otbvr, 
l>ut  are  fonuod 
I  really  bj"  one  oon- 
I  tinuou)  Ktrciiin, 
the  whole  of 
rbich    must,    »t 

of  iU  eimrsii.  ivn-t-  ilu.ii^n  tite  liingrf.  buboi- 
I  tlio  two  principal  t  u^  uI'Liiotis,  the  pulmontiri/  and 
i  »i/»temie  as  they  are  named,  it  will  be  noticed  &1ho  id  the 
same  figure,  that  tliorn  i*  another,  by  whirti  a  portion 
of  thu  !itr«ftm  of  blood  haviBg  b(?on  diverted  once  inlo 
the  eapilluries  of  the  intcetinal  canal,  aad  some  otJier 
organs,  and  galherr^l  tip  again  into  a  single  strram,  is  a 
secoDd    time  divided   in    its    poseagw   thn>ugU   the   liver. 


I 


*  ^'g-  J^    Diagnm  of  the  rareulaUiDiti 
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b«^()Ri  it  finally  ronchos  thn  iMtnit  and  «oiiipIet««  &  n 
tioD.     Tfiifl  Bubotdinaw  strena  througU  dio  liver  is 
tbo  portal  ctrculiitioQ. 

Thu  principnl  forco  proriilRd  for  coD»tiLBtl7 
Mood  tLroui;h  ibis  course  is  that  of  the  miuciilnr  •uhai 
of  tli«  hnut;  uiluir  ansistmil  fun-ca  are  (2)  thoeo  of  the 
«la«tic  vails  of  the  Bitorw*,  (})  tlio  praaurn  of  tho  muadM 
among  wlikh  eooie  of  the  reins  run,  {4)  tho  raovirm 
the  walla  of  lh«  cHu-M  in  reapiration,  and  {trobahiy,  to 
•xteot,  (5),  tlifl  itil«rchaiigo  of  n:lations  botveen  lite  blood 
aod  the  tiMoae  which  ensum  in  tho  cnpiUaty  xytitnm  during 
tlio  nulritiTO  ptoccasea.  Tlie  right  direction  of  the  blood's 
counw  i>  d4:t«rniiii«d  and  raaintained  hy  the  valrea 
boort  to  be  imraedialel/  described ;  which  valTe* 
p«nnit  the  moT«nHiit  of  tho  blood  in  tlio  tnune  dcacriboi, 
but  doM  when  any  fone  toads  to  idot«  it  in  tbe  oonlmjr 
dirivtioD. 

We  shall  oonsidpr  separately  each  nK^nber  of  the  ^st«iu 
of  organs  for  the  ctnulaliuit :  and  ilret — 

Tho  licnrt  in  a  lioltow  muwiitar  orgiui,  tho  intorior  of 
which  is  dividod  by  a  partition  in  such  a  iiiaiui«r  a*  ts 
form  two  chief  ehaml>eni  or  uiviti<«~-ri){ht  and  Irft.  Eath 
of  Hum  chambers  is  again  mbdivided  into  an  upper  and 
a  low«r  portion  called  raspectively  the  auricle  and  ivwtnWr. 
wliich  frMiIy  contmuniuat«  0110  with  tlu]  otliflr ;  the  apertun 
of  communication,  hon'evcr,  bting  guarded  by  valralai 
ourUuHS,  so  disposed  as  to  allow  blood  to  paaa  &vely  fron 
the  auricle  into  tlie  vcutricUi,  but  not  in  tlko  oppoeile  direc- 
tion. There  are  thus  four  cavities  altogetlier  in  tho  haatt 
— two  aiiri<  les  and  two  veutritles ;  tliu  uuriehi  and  vaoliwle 
of  ono  side  being  rjuite  iwparnto  from  tlio^e  of  the  oilier. 
The  right  auiicle  communicalcis,  on  tlio  one  hand  with  the 
Toina  of  the  geuvnil  sysUini,  and,  on  tlio  other,  with  tbe 
right  TcntriciD,  while  tho  latter  lends  direcdy  into  the  pat- 
ntuu^rj'  ai'Iery,  the  oriiice  o£  ^LkU  U  ^uutdul  bj-  valro. 
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The  t*fl  auricle  Again  communicnUv,  <vn  Umow  hmd,  witli 
the  pulmonarjr  vains,  and,  on  tiw  other,  vith  the  left 
vratride,  whila  ths  Utter  loftdn  dinctljr  int')  tho  «ortii — k 
Urge  artei7  which  conmjrs  blood  to  the  general  Bj-Btam, 
Um  oriiioe  of  wliiufa,  Uko  Uut  of  the  pulmouarjr  tirter}',  in 
guarded  bf  valves. 

The  KrrangeoieDt  of  the  bearl's  ralvM  is  such  that 
tho  blood  ma  pam  only  iu  oue  dcfiiiito  <Iir<«ticHi,  and 
tliis  is  oa  follows  (fig.  33)  : — From  the  right  auricle 
ih^  blood  paaaea  Into  the  rif|;ht  Teniride,  and  theoieo 
into  the  pulmo- 
uiirj  artery,  bv 
which  it  ■•  eoD- 
ver«d  to  th«  ca- 
pillaries of  tliu 
luiigN.  Prom  till' 
lungs  the  blood. 
wltichiBUowiiuri- 
fiod  and  allunHl 
in  raWr,  is  ga- 
tli«red  1>,v  ihL-  |iul- 
tnonuiy  Tfiiix  nii'i 
tukeu  to  the  kil 
auriclo.  From  lh« 
left  auricle  ii 
into  thi- 
left  vcDtricln,  anil 
tlience  into  Iho 
nortu,  Tiy  wliith  il  in  ilisiriljiii-il  ui  sli<-  ^.i^hILuhb  nl"  t^vorj' 
portion  of  the  body.  The  bmnches  of  tbo  aorta,  from 
b«Uif;  di&tributed  to  the  general  systi>m,  are  called  tyttemie 
arterioii;  and  fmui  th<»o  thu  blood  [iiia»«i  into  Uie  ijf>> 
^■irmfc  capillaries,  where  it  again  bocomes  dark  nn^I  imjnire, 
^H  vad  theucn  into  tho  hraudiea  of  the  tyiftmic  veins,  whidi, 

^B      *  Fig.33.  DuignmiofUuiciicuUtioalkruugliUieliiiaiKiifterCallOD}. 
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fomiiig  hy  their  imioo  two  targe  trunks,  coll*^  tlia  supe- 
rior MiJ  infLvior  Tena  u&va,  dtw-Uiirp.*  tlieir  oonU'nts  inU 
the  right  aiiriclo,  wbutce  iro  nipjioMd  tliu  IiUmnI  Ui  sUn 
(%■  33). 

Sfracfiiw  of  the  Vatm  of  th*  Utart. 
It  will  be  veil  oour  to  oonsider  tk«  fttructur«  of  dit 


*  Fip  34.  Tho  ritilit  anrtcl*  iiit!  vonlrici*  op**iinl,  and  ■  fmtM 
tlivir  ri)(l>t  rniil  aiilerior  whIIh  r-^itioviiil,  to  m  to  bIi'ih'  llivir  inttrior.  {. 
•~l,  Mi]iFrior  voua  cst>  ;  i,  hifi^rior  vmia  raTi ;  i*,  hopaiio  veiut  c«t 
•hort  1  8.  n);ht  >imdo ;  3',  flacvd  in  Ilic  fosa  otalii,  bclov  vhicfa  it 
Iho  Enitndiiaii  tkIvo;  3",  u]iloEcddow!  to  tkcapcrtatcof  tkocotmMJ 
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vkItm  of  the  Umrt,  and  th«  marmor  in  wHoh  they  perfunn 
tbeir  fimctioD  of  dircclinf^  iii«  atr<-ain  uf  )>1o<m1  in  thft 
Dounw  which  has  been  just  il(-scrit<ril.  Tlio  rnlvc  between 
liw  right  auritlt!  and  v<!iitridij  in  nnrnml  tricutpid  (fig.  34), 
beORiue  it  prwonM  three  principal  cubi}s  or  poiuteil  ytottiaas, 
and  that  between  the  l«ft  auriulo  uud  vLiiuiule  hiaupiA  or 
I ,  mittat,  Lecatue  il  hiu  two  Kuch  portion*  (fig.  35].  Uut  in 
both  valvns  there  is  b«twe«Q  each  two  principal  porlious  a 
smaller  one ;  ho  thut  moro  proporlv,  the  triiuinpiil  muy  1>o 
d(a(rib«(l  lu  consisting  of  six,  and  tl)«  mitral  of  four,  por- 
tiotu.  Each  portion  in  of  tririii^Ur  fomi,  its  apex  and 
sides  lying  free  in  the  ravily  of  iho  vcntriclo,  and  it»  biiM, 
which  is  continuous  witli  Ihfl  bases  of  the  ufij.-hliouring 
portions,  ao  a»  to  form  nn  aiiniilnr  mi^nilinirii*  ui'ouud  llie 
uurieulo-vsntricular  oponing.  being  fixoil  to  a  ti.tulinoiiM 
ring,  which  encirolea  the  urifioo  between  tlie  Ruricl<>  and 
rentriolo,  and  rMntim*  tltu  inMtrtionM  of  t)io  muscular  fibres 
<)f  liotli.  In  each  principal  portion  of  the  valvo  may  Im 
distinguitJied  a  middlo-pieee,  extending  from  its  base  to 
its  apex,  am]  iiinlmling  nbout  half  ita  width ;  thin  pi6oo 
is  thicker,  and  much  tougher  and  tighter  than  tlie  bordnr- 
pieMB  whidi  are  attached  loowo  and  flapping  at  ila  sides. 

While  the  bates  of  the  sevwral  portions  of  the  valves 
are  £xed  to  the  tendinous  riuga,  tlieir  reutrii'ular  stirfnc«a 


L 


'■'a  r  ♦#  +<  plwed  ia  tii«  Ntricnlo-Tontriailu  groorc.  wlirn- « riiri*w 
IMHticn  of  tho  aiy>Mnt  w*1Jl  of  tli»  mirirlc  and  TcnlFirtc  hn  lii-ta  pr«> 
Mrmd ;  4.  4,  cavity  of  Ihv  rijclit  vdiilrido,  ilio  nyyei  tipiic  U  inima- 
itiatclj'  bcluw  U14  KiuiluniiT  ihItub  ;  4',  IfirKE  coliiiniia  uiTn«a  m  niui> 
caink  la)>illiji> ;  fi,  i',  IT,  iTicUBpicI  mlvf  ;  ■),  )iUi'nil  in  llio  iatarior  of 
tlie  pulmuiiary  arlBry,  a  part  of  tho  unttiior  ttsll  u\  tliul  voawl  tiariag 
l«*D  rcniuvnl,  and  a  uairow  portion  of  it  prcicrvud  at  iU  iioinntrni'«- 
tnant  whc(othp»(imi!mi«rtnlvMnroalUolnid  ;  7,  oonta*ilyuf  l!ii)a<iriic 
vtA  cloae  to  Iha  cord  of  thn  durtiiit  artciioini :  S,  ucunditig  [inrt  or 
aiDoaaf  IlieanlicovnTd  hI  iu  ouniiuviictttni'ul  by  Ui><  aiirkular  nppcndix 
and pnlinaiiiary  uttty;  9.  pl.-icvil  Iwlu'rcD  thr iuiiqmiiial« and l»ft carotid 
aiUriea  1  lO,  appendix  of  Ilm  left  nuriclc  ;  II,  II,  thr  uatt4dporth«l«ft 

Tfniiicli),  the  lon-ti  Qgurc  iMur  the  b]«x.    (ifiviu  (juain*a  AuntJuiy.) 
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Hiui  iMrien  on  fiatened  b;  elender  lendmoua  fibro,  tba 
chorda  Undinea,  to  tbe  walls  of  ilie  roDtridea,  the  muscular 
tiLire§  of  whicb  prnjvot  iato  tlic  ventricular  caTitjr  ta  Um 

y^.  3S-' 


«' 


*  Fi£.  35.  Tbo  left  unriclQ  and  T«iitricle  oponcd  uid  a  put  of  Uiht 
anterior  bii-1  left  inilli  removeil  m  u  to  thiyw  their  intnior.  |.~IW 
{■III  moil A17  Hrury  Iiax  baen  ilirlilcd  at  Iti  romnianafnicnt  >a  a*  to  dunr 
tlie  Boiu ;  ihi)  ojiciilng  Inln  tlm  Inft  vontriclo  luu  bacoi  rardod  ■  •boat 
diiiliinc«  lutu  tlia  uorlii  bntwoen  twn  of  th«  wpiicnl*  of  lh«  •nniluiiat 
rjlvM ;  tli»  Un  ]<arl  of  Uw  auticiv  wJUi  tie  *iii>cDiiix  lia*  tHNn  tvinorcdi 
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tona  of  bundlos  or  oolumns— the  eclitmna  atriita.  Tbo»* 
oolamos  sre  not  all  of  them  olUtu,  for  while  itotae  «f  them 
an  attacked  aioag  tboir  irhol«  longth  on  ono  sida,  anA 
bj  their  CKtnmiitiea,  otlwn  are  attnchod  ottly  by  tlrair 
extremities;  oud  a  third  tuit,  to  which  the  name  muwu't 
papiilaret  luis  beoa  giTea,  are  attached  to  tha  wall  of  th« 
ventricle  by  one  extreinily  only,  the  other  projecting, 
jwpilla-likA,  into  tbo  cavit}'  of  thn  ri^utric'lo  (5,  lig.  35),  aud 
haring  attached  to  it  ekonia  teHdhun.  Of  the  tendinous 
oorda,  b«aidea  thooe  vhtoh  puaa  &oul  the  walls  of  the  vea- 
triele  and  the  mtuenii  papillam,  to  tbo  marglui*  of  the  vslroa 
bath  free  and  altaclicd,  tlioro  are  §01110  of  oapecial  atrength, 
which  paw  iVom  the  same  porta  to  the  ed^ee  of  the  middle 
pieccH  of  llio  Ncntral  chief  portions  of  the  valvo.  T)i« 
end*  of  th«se  cords  aro  spread  out  in  the  substance  of  the 
valve,  ^ving  its  middle  piMe  ita  pociiliAT  strciigtli  and 
toughuaas;  and  ^m  the  sldea  numerous  otlier  more 
■lendm'  and    brancbing   cnnla  are  giren    off,  wlituh   are 


He  rtflht  anriftn  hiu  been  Uirowii  »iil  of  Tii>ir.  1,  tlin  Ino  rigilit  pul- 
monary vriii*  viit  uliort ;  tiwir  »{)viiiii|e<  lit'  Kviiii  williiii  Uia  uiricle  : 
■',  plai!(tl  within  tli«  cavily  nf  tli«  aiiriuli^  un  the  Icfl  nJ*  tt  tliK  *Rr'<um 
■nJ  ua  tlie  part  wliich  t<'rin*  tlic  rnniun«  of  tho  Tolvr  of  the  foraineu 

',  of  which  tliD  cr«n.'ciiliG  fulil  U  won  loWitriU  tbc  left  band  «f  t' ; 
'2;  a  aormw  poniju  of  tlio  wdU  of  thn  nuiiejn  and  VDnlTii-lo  pnueTvoil 
roUDil  tlie  itiiri(!Dl<i-voiitTi(!nliu  ariOrc  ;  3,  y,  lliu>,'ut  mirfnisrof  llic  wnlli 
of  tlia  t(iiIt{-:1ii,  uvn  tu  Imcoina  verj  niorli  thinner  lownnl*  3",  m  tbo 
a|<«x  ;  4,  a  aiiiall  fntrt  of  Iliu  aTiUrior  irsll  of  tli*  l(^  vuntTicla  whidi 

trvii  l>nH(rv«>l  uith  lh«  j>rLnui[nil  alitrHor  uilumna  carnna  nr 
lux  papillnriii  ulliivhail  tu  it ;  J.  {.  iiiiiHciili  impilbrvH ;  5',  ih* 
l«ft  ■lie  of  Uitf  wpliiiii,  liglwwii  Iha  two  nulTiale*.  witliiii  lh«  vAvliy  of 
tb«  IfH  Tciilricl<! ;  6,  6',  the  rilitnl  rulvs  ;  7,  placvJ  iu  tlia  ililltior  uf 
ths  aorta  n«ir  it*  iioinni(<U('eTU«ul  uud  above  the  llmu  M^ineatH  of  its 
•anuiuiua'  raJn  vliiuh  are  hau^jinK  loiMcIy  together  ;  T,  the  BXtoriotof 
tho  gm*i  korlic  liiiua  i  $,  thu  root  of  tho  [luluiouar;'  arlory  tad  it« 
•omilnnor  valve* ;  S',  the  inpnntfil  portioa  of  tho  i>iUinoiiiTy  utvry 
rviniininjt  ailachod  10  tho  rMrU  by  9,  iho  i^ord  of  the  Juctii*  urlcrloiut ; 
IG^  Ihearlsiinritiugftvintliatujiimlcofllieaorllciiicli.  iFmiu  Quaiii'i 
Anatomy.) 
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■ttodiml  all  OTOr  the  TcntriniW  turtiKV  of  thd  adjffloeot 
boHer-piecsB  of  th«  principal  portioiia  of  tke  rnlvuo,  u 
wdl  nil  tu  thoae  •malter  [(ortious  vrlik-h  Iiave  Iteen  mentioned 
M  Ipng  belvroen  each  two  principn!  on«,  Jloruover,  the 
tnuicttU  /mpHlnrM  an  eo  placed  tJtat  from  the  Bummit  of 
eacli  ttTudmouH  cardH  may  proceed  to  tlie  a^jaoent  halves  of 
two  (if  tlin  jiriticipnl  iliTi^iniiJi,  and  to  OD0  intonnodiutti  or 
smaller  diTtfeion,  of  t!i«  valve. 

It  has  been  already  said  that  while  the  ventricles  oom- 
roiinicatct,  oii  tlio  one  huml.  witli  tlio  nuriclo*,  tlicy  comtailiii- 
Cite,  oQ  the  other,  with  itie  large  arteriee  vtiioh  convejrtho 
blood  away  fruui  the  hMirt ;  the  right  veiitrkle  with  the  pol- 
moDOT^-  arf-ry  {6,  fig.  34),  whU^h  ogiivnys  lih«)d  Iti  the  Ini^ 
riiid  ihe  leR  ventricle,  with  tlio  aorta,  which  distributes  It 
lo  the  ^n«ritl  ayHtom  (7,  fig.  35).  And  as  the  aurieulo- 
vi-Dtrirutnr  oriliun  in  guanjod  hy  vnlvos,  to  are  ulso  tha 
nioulhi)  of  the  piiliuoiiarv  artery  aiid  aorta  (6^*-  34-  35V 

Tiie  valves,  throe  in  iiuniLi.-r,  wliith  gunrd  lliu  orilluc  of 
(ttich  of  those  two  ortorios,  are  called  the  tfrnUtaiar  valves. 
They  are  nearly  alike  on  both  sidea  of  tha  heart;  hut  lho» 
of  tlie  aorta  are  altugetlier  thicker  and  laoro  strongly  wn* 
stna-led  tlinn  thoee  of  tho  pulmonary  artery.  Like  tha 
tri<-H«piiI  niul  mitrnl  vnlvps,  they  nro  fi)rini»d  hy  a  diijili- 
cature  of  the  lining  iiiemhrane  of  the  heart,  etrengthiiied 
by  libroiiH  tiimue.  Kuvb  vaivs  is  of  »^iniluiiar  ahapv.  Hi 
convex  miirgin  being  attaclied  to  a  fibroiu  ring  at  the 
jdace  of  juutiion  of  tlio  artery  to  tlie  ventritle,  and  tbe 
r-iinciivn  or  in-«rly  Htniight  border  being  freo  {fig.  35).  Jn 
t!ie  centre  of  liie  free  edge  of  the  valve,  which  coDtaioa  ft 
fine  cord  of  fibrous  liatiue.  Is  a  siuuU  fibruus  nudula,  tilt 
rorpiu  Araiitii,  uaH  from  this  and  front  the  attadivd  bordieTi 
tine  fibres  extend  into  every  part  of  the  mid  Bubslance  of 
tlte  vaivc,  except  a  »nall  lunnttHl  fljwoe  junl  within  the 
free  edge,  on  ench  side  of  tho  eorpui  ArantH.  Here  the 
Tiilve  is  thinnest,  and  composed  of  little  more  tlian  the 
endocardium.     Thus  constructed  and  attached,  llu;  tbrM 
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^•ra  placed  udo  "by  iddfl  sround  the  arterial 
atriclo,  M  lu  to  form  time  UlUo  poiutliew, 
wbicb  can  be  thiQirn  back  and  ilalteii«d  bj  Uie  blood  poM- 
lag  OHt  of  Iho  tWDtricIe,  but  which  bully  out  immediately 
•o  as  to  pnrrant  any  rotiirn  (6,  tig.  34}.  'I'lii*  will  bo  uguin 
relnT«d  to  immodintnly. 

Tbe  muAcular  tlbr«§  of  tbe  heaxt,  unlike  those  of  meet 
iOToluntary  miutcleit,  proMrnt  a  iiriaied  appearaiUHi  uiidur 
tlu>  mioxmcopo,     (Seo  Clinpter  on  Motion.) 
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Tlia  heart's  action  in  pr»p6llin(;  the  blood  coDBista  in  tbe 
■UCGMMTo  a]t«nint«  contnctionii  lunl  dilatations  ef  the  mus> 
cular  walla  of  its  two  auric-lcs  and  tvro  TcntricliM.  The 
auricle*  contrort  tuinulUmeoutJy;  so  do  tbe  ventricles;  thotr 
diUtotioM  also  are  ccvoratly  NimultiuiiKiu.s ;  and  tlm  «i>ii< 
traetiona  of  the  one  pair  of  cavities  me  synrbrooous  witli 
the  iliiutatioiiA  of  tht:  otliur. 

Tho  description  of  the  action  of  the  haart  may  best  bo 
oommenced  attlkat  period  in  each  action  which  immediately 
prcM'dcH  tho  beat  of  tb»  hnnrt  iigninxt  llru  nidti  of  the  chest, 
and,  by  a  very  snudl  interval  mi>r«,  prccMfw  tlio  pul*«  ot 
tbe  n-riiit.  For  at  tiiis  timo  tbe  whole  heart  is  in  a  pas«ve 
tlie  walls  of  both  auriclos  and  ventricle*  an  lelaxod, 
their  cuvitica  an;  lieini;  dilated.  The  auricles  are 
filling  with  blood  flowing  into  them  from  tiM 
veins  i  and  a  portion  of  lliis  blood  paMCS  at  once  tbroORh 
them  into  tlio  wittriolc*,  the  op^iin^  between  the  cavity 
of  each  auricle  and  that  of  its  convsponding  ventricle 
being,  daring  all  tbe  pause,  free  and  patent.  The  auricles, 
however,  recviring  more-  blcjod  itiaii  at  once  pateos  through 
them  to  tho  vontriclos,  bccnmo,  near  tho  end  of  the  pause, 
fiiUy  distendtil ;  then,  in  tbe  end  of  the  pause,  they  con- 
tiact  and  mnpty  tlinir  i^»ilcntit  iulo  tJte  vcutridni.  Tbe 
oontnction  of  tbe  auridos  is  sudden  and  very  quick ;  it 
eommGuc«s  at  the  entrance  of  tlic  great  veins  into  them. 
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and  is  thence  propagated  towards  the  auriculo-rcntricuUr 
opcuin);;;  Init  tho  liixt  piiirt  vhit-h  <-oiitTftcts  ia  the  auricnkr 
appendix.  The  effect  of  Ihia  co&tnwtioD  of  thu  auridea  id 
to  propel  nearij  the  vliole  of  their  blood  into  tho  Tcntriclo. 
'Hio  Tvfliix  of  blood  iiito  tiio  gmtt  veiiui  ia  teetsted  not  only 
>>y  th<>  moss  of  blood  in  tho  veins  and  tho  force  vith  which 
it  streauia  into  the  auricle»,  but  aUo  bj*  the  simuitaiuxnu 
contraction  of  tho  muxnjlar  oouta  wi()i  vrluth  the  Isi;^ 
VKiins  are  provided  for  eome  distanne  befon  tbeir  entnnn 
iuto  the  tttirioUa;  a  reutttouoe  which,  boweTer,  is  not  to 
oontplolo  but  that  a  *mall  (^uantitir  of  Idood  doaa  n^mgi- 
tato,  i^.,  flow  backwards  into  the  reins,  at  each  auricular 
ooiitraction.  Thu  i-lTict  of  this  re)|^ri;itation  fhtm  tha 
riftht  auricle  i«  limited  by  the  ralr««  at  the  junction  of 
oubt'lavi&n  and  internal  jugular  Teins,  beyond  which 
blood  cunuot  moro  biukward*;  and  the  coroiiarj"  rein,  or 
votu  whirh  bring«  bftck  to  the  right  aurido  tbw  Uood 
which  has  tircidated  in  tho  nubatnote  of  tli«  heart,  is  pi9- 
served  from  it  by  a  N-nlwt  at  it*  mouth. 

Ilio  blood  which  is  thus  driven,  by  tlie  oontraction  of  the 
aurtdes,  into  the  oorreKpondiiif;  vraitriclMi,  Winj;  added  to 
tliat  wliich  hnd  alrendy  tlowed  into  them  during  the  henrt't 
pause,  is  stiflioieut  to  complete  the  dilatation  or  diastole  of 
tiie  v^ntriclMH.  TltUK  dLittmdcd,  they  immediately  contract: 
m>  immediately,  indeed,  that  their  eontiac^on,  or  eystobv 
looks  as  if  it  wore  coutluuouB  wllh  tliat  of  the  auridea. 
This  has  been  grnphicjdly  di<S(Til>cd  liy  Ilarvoy  in  tbo 
following  passage  : — "  These  two  motions,  <Mie  of  tlie  mn- 
tnvles,  aiiotlier  of  the  aurloles,  talie  idaoe  ooiiw-uutivuly, 
but  in  sudi  r  mnnuor  that  there  is  a  kind  of  harmony,  or 
rhythm,  present  between  them,  the  two  concurring  in  such 
wise  tluit  but  one  motion  in  apparent;  ceiiecially  in  the 
warmer  blooded  animals,  in  which  tlin  moTemoiits  in  ijues- 
tion  are  rapid.  Nor  is  this  for  any  other  reason  than  it  is 
in  a  piece  of  mnehinc'ry,  in  which,  though  one  wboc)  gins 
motion  to  another,  yet  all  Uio  wheels  seem  to  move  siniul> 
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,  or  in  tltat  fn«ohuiical  contriranm  nhich  is 
adaplod  to  firv-amiii,  vhora  tlis  trigger  b«iiig  toudiM, 
down  coiii«B  tbe  flint,  strikea  agiainat  the  eteel,  elidta  a 
Bpark,  irliii.-)i.  fulling;  iiiuong  t)io  powtlnr,  it  itt  igiiilod,  upMt 
which  tlio  IlittiKi  extends,  enters  tho  hnrrol,  rauMa  tfae 
explouoa,  propels  tlie  ball,  nud  the  m&rk  is  attaiued — all 
of  which  incidents  by  rwuKin  of  tiio  cnlority  with  which 
they  happen,  seem  to  tak«  place  in  the  twiuklini^  of  an 
ejw."  Tfa«  TsntricJiM  contract  much  moro  slowly  tlum 
the  auridoa.  and  in  thetr  contraction,  probably  nlwaya 
thorouf^hly  ompty  th«tii*dvo«,  differing  in  tlii*  n^Nprc^  from 
tlio  auricles,  to  which,  even  after  their  complete  contrac- 
tion, a  sroall  tjiiautity  of  blood  n>mains.  The  furm  and 
position  of  lht>  dwiliy  coliimov  on  th^;  iiiiiMiiiJ  ifullii  of  tho 
ventricle  appear,  indmd.  especially  adapted  to  prodnce  this 
obliteration  of  thitiroHvitiis  during  tlictrcoittrui'tioii;  nnd  th» 
oomplcteneMcif  thorloeuremayoftenbeobiwrvcdon  making 
« tnaneive  aeotion  of  a  heart  shortly  after  death,  in  any  t^ase 
in  wtuch  the  coutraction  of  iht!  riifor  morlU  la  vury  uiarkcd. 
In  such  K  case,  only  a  central  iiseur«  maj*  be  discernible  to 
tbe  eye  in  th«  plucu  of  tlie  cavity  of  each  T«Qtricle. 

At  tho  ume  time  that  iho  walls  of  tb«  rcntricJea  oom- 
tract,  the  Besfay  colomna,  and  e^ecially  those  of  t]i«in 
called  the  mutcuH  pupiltnrrt,  contract  also,  and  ua^Kt  in 
bringing  tJio  margin*  of  the  anricido-vientricul&r  valres 
intiJ  apposition,  so  that  they  close  tbe  auriculo-Teiilriculiir 
aiulpwvviit  Ihtt  barkwanl  pRNmgo  of  thw  blond 
ttsUdn  (p.  113).  The  whole  force  of  the  ven- 
tricular oontraclion  b  thus  dirMfed  to  tlio  jiroptUnion  of 
thn  blood  through  th^ir  nrtcrinl  orificos.  DiinDg  the  time 
which  elapses  between  the  end  of  one  contrnctiua  of  lliu 
TCntridea,  and  tlio  ccinini«ncLinoiit  of  another,  the  com- 
miinicatioD  between  them  and  the  great  arteries — the  aorta 
on  the  left  side,  the  puluioutiry  iirlt.-ry  on  tlio  right — is 
uiosvd  by  ttie  throe  M'tnilimnr  ridws  aitunted  at  the  orilSoe 
of  each  vessel.     Uut  the  force  with  which  llio  current  of 
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blood  is  propelled  by  Uifl  con  traction  of  tlia  T«t)tn«i«  aepa* 
rates  theae  valrea  Iron  conUict  vitli  eadi  oilier,  and  praww 
tlioui  buck  iigiLinKt  tbo  »idc«  of  Uu)  artorj-,  nialuiig  a  in* 
|)nHMgv  for  tho  ctream  of  blood.  Then,  «»  w>»u  ii»  Uie  veD> 
tricuUr  coDCTsodon  ceaaes.  th«  elaatic  italla  of  tlio  diidnidcd 
uuaj  recoil,  and  bj  jireHuii^  (liu  bliK>d  1>i:liiud  Uie  Talru, 
ibnothmn  doira  towcrdR  tho  centre  of  the  tcmoI,  mid  vprud 
them  out  so  as  to  dose  tho  oriiica  and  prevent  any  of  th* 
blood  flowing  back  into  tho  Tontridn  (x>-  1  iS). 

As  HOon  UK  th»  iiuricbut  hftve  completed  their  contnu.-tiDn 
they  begin  ngwin  to  dilate,  and  to  bo  refilled  with  blood, 
which  flowa  into  them  in  a  stnidy  stream  through  th« 
groat  Tcnous  trunks.  Thoy  are  thus  filling  during  all  ths 
time  in  which  the  ventricles  are  contracting ;  aud  the  oon- 
tru<li(m  of  tho  vontridn  being  vndedt  iheao  ulao  agaia 
dilntc,  and  receive  ognin  the  blood  Uiat  Aovs  into  then 
froiu  tlie  auriclea.  By  the  time  thul  the  Tentriule*  an 
tliua  fniin  onH-third  to  two-thirds  full,  tho  fturiclos  an 
distended;  these,  tlien  suddeuly  coutraoling,  fill  up  tbs 
TontrifleH,  aa  alreiidy  duncribnd. 

If  wo  suppoBO  n  enrdiac  revolation,  which  includes  the 
contraciion  of  the  aiu-Ides,  the  ooutrociion  of  the  ventriclw, 
and  their  niiioim,  to  occupy  nith^r  more  than  a  Kcond,  llie 
following  table  will  represent,  in  tenths  of  a  second,  the 
time  occupied  by  the  voriouii  axeiita  we  haro  connidfiml. 


Contraction  at  Aurirlps  .    . 

„  Vmlricltji   . 

EEqMMO   (no  mntnti:tl>'ti   at 
dthersurlcluoT  venlni'l«8| 


t  *  Ropon of  Auriric*  .     .   to^it 
4  t      ,,  VcnuluUa    ,    7»IJ_ 

6  •«■  Ciiii traction   {of  eillicr 
—  nurifloB  ur  toDtrivle*)     J' 

II 


Action  lif  the  Valvet  of  the  HmH. 
The  pcriodn  iu  which  tlio  aeviTnd  vulvea  of  tho  heart  i 
in  oction  may  be  c'onncctcd  with  the  foregoing  table  ; 
the  auriculu-ventiicular  valves  are  oloaed,  and  tlio  artorial 
valves  uio  open  during  tho  wlioln  fitiKi  of  the  ventricular 
contraction,  while,  duiiug  the  dilatation  and  diateuaiou  of 
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Fig.  36.' 


the  ventriclflB  the  latter  valves  aro  shut,  the  former  open. 
£acli  half  or  aide  of  the  heart,  through  the  actioa  of  its 
TBlveB,     may    be 
4iompared  ^th  a 
kind    of    forcing 
pomp,    like    the 
conunoii     enema- 
flyringe  with  two 
Talves,  of  which 
one     admits    the 
fluid   on    Taisiug 
the    piatOD,    but 
is     ckned    again 
when  the  piston 
ia   forced    down ; 
while    the    other 
opens  for  the  es- 
cape of  the  fluid, 
but    closes   when 
the     piston      is 
raised,   bo   as  to 
pnrvest    the    re- 
gur^talioD  of  the 
fluid  already 
fenced  through  it. 
The     ventricular 
dilatation  is  here 
represeuted       by 
the  raising-up  of 
the    piston ;    the 
valve  thuB  admit- 
tiug  fluid  repre- 
sents the  anriculo- 
ventricular  valve, 
which    is    closed 


Fig.  36.    DiAgroma  ot  valTes  ot  ths  Leart  (after  Daltoo). 
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ngaiD  wliv»  till  pijitoii  is  forced  down,  i.t.,  wh^n  tho ' 
trido  coDtnKto,  and  the  otb«r,  i,e.,  tho   nrbuial,  tiIt 
opens.    Tlifl  diagramH  ou  tho  [nticcdijig^  page  illustrate  i 
Tery  irrll. 

During  auricular  contraction,  the  force  of  the  blood  [V»-J 
peQed  iiito  the.  rtnUida  ia  tranAtaittcd  in  idl  dlrcoUoiu,  1 
hcing  insufliciiMit  lo  raito  tho  sonulanar  voItc*,  tt  i« 
jwnded  in  di^lcnding  the  Tontricle,  and  in  raising 
gtaduuUy  cloHing  tlio  auricrulo-vcntriculur  valrea, 
irhoa  the  ventricle  is  fUll,  fi>nn  a  completo  septum 
it  and  tho  auricle.  This  elerattoii  of  the  aiirieu!o-ventrii«hr' 
valr<vi  in,  no  doiiht,  materially  aiilotl  hy  Uiu  nction  nf  the 
elastic  tissue  which  Dr.  Morkham  has  shown  to  «xiit  i* 
laijtely  In  their  alructure,  especially  on  the  aunvular  lui 
fneo.  When  the  Tvmtri^Ja  coatnots,  the  mlgca  of  the  Talm 
are  m^tained  in  apposition  by  the  eimultaneoua  contta^ 
tion  of  llid  rauscuti  papillam,  vlitcb  are  cuulilird  tlius  to  set 
by  thi;  armngcmvut  of  tlimr  Imdiuoun  cord«  jtut  men- 
tioned. In  this  poaitiim  the  segments  of  the  Talres  are 
bald  secure,  even  though  tbe  form  and  sixo  of  the  orifice 
and  the  TeRtriclo  may  chnnge  during  the  continued  eoo- 
troction  j  for  tho  border  pieces  are  held  hy  their  nratai] 
apposition  and  the  oijual  prtMore  of  th»  blood  on  their 
▼entriculor  surlhce^ ;  and  the  middle  pieces  axe  oecun  bf 
their  great  strengUi,  and  by  tho  attachment  of  Ibe  tco- 
dinotis  cords  along  their  margins,  thcno  cords  being  alv^ 
bdd  light  by  tho  contraction  of  tho  mtucidi  papiUartt.  k 
pncnliar  ad^-antnge,  derived  from  the  projection  of  these 
colitmus  into  ihn  cavity  of  tho  ventricle,  soetns  to  h«,  tblt 
they  prevent  thi>  vulve  from  being  converted  into  the  anridt ; 
for,  when  the  vrmtriclo  contracts,  and  the  parta  of  ita  iralb 
to  which,  tliro)ig']i  tbe  niedtura  of  th(>  cotuinos,  the  ton- 
dinoiis  cords  are  afRxnd,  uppronch  tho  auriculo-ventriculst 
orifices,  there  would  be  a  tendency  to  sluckness  of  thn 
cords,  and  tho  valves  might  ho  everted,  if  it  were  not  Ihst 
while  the  iroll  of  the  ventricle  is  drawn  towards  th«  orifice 
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(lie  and  of  tlio  rimuIUnnouiLly  lontractin^  fleshy  ccJnnut  ia 
dnwn  nnyfrom  it,  «nd  tho  cord«  um  Itold  tight. 

What  lias  teeu  said  applies  e<]ually  to  the  nuriculo- 

Tontri^niliu-  tiJvm  on  both  nidtut  of  the  hoiirt,  nud  <if  botli 

alike  the  dosure  is  generally  complete  every  time  th« 

'  Tentrickd  coutm:!.   But  in  some  cirounutaooes,  the  dosute 

of  tho    tricuspid   rnlvo   i«    not   comjJeto,   and   a  cortoiji 

qattnti^  ot  blood  is  forced  hock  into  the  auriclo:  and, 

sinctt  thi»  nuiy  tm  adranUgeous,  by  prereotiug  the  ovcr- 

.   filUng  of  the  TeeBpIs  of  tha  lung),  it  has  he«»  outlod  the 

la/etiftalrc  aetioit  of  this  ralve  (Iltmter,  Wilkinson  King). 

drcumstonoo*  in  which  it  usually  happens  are  those  in 

hich  the  Teuelfl  of  the  lung  aro  nlnWy  full  enough  when 

,e  right  rentriole  oontncts,  as  t.  g.,  in  certain  piilmonaiy 

in  Tory  active  oxertion,  and  in  great  efforts.     Id 

oaiM,  perhaps,  because  tho  right  ventricle  cannot 

intract  <jui«kly  or  completely  enough,  the  tricuspid  valv« 

does  not  completely  rloeo,  and  the  n-'gurgitation  of  blood 

I     ns^  be  indicated  by  a  pulsation  in  the  jugular  veins  syn- 

chronouK  wttlt  tlmt  in  thu  ciixotid  arteries. 

"Yha   arterial  or  i«milunar  ralrvit  are,  U  already  said, 
brought  into  aottoo  by  tho  presnm  of  tho  arterial  blood 
Ihrcod  hack  toivurdii  the  i-eatrttles,  when  the  elostio  walls 
of  the  ait«nes  recoil  aflc^r  being  dilated  hy  tlio  blood  pro- 
pelled into  tbont  in  the  previous  contraction  of  tho  ventricle. 
The  dilatation  of  the  arteries  is,  in  a  peculiar  manner, 
adapted  to  bring  the  valves  Into  action.  Tlio  lower  borders 
of  the  aecailunar  valves  are  attached  to  the  inner  surface  of 
Lm  teodiaous  ring,  whieh  is,  as  it  vera,  irdaid,  ut  the  ori£c« 
l^pf  the  artery,  between  tho  miucular  fibres  of  tho  ventricle 
and  the  elastic  fibres  of  the  walls  of  the  aitcry.   The  tiaaue 
of  this  ring  is  tough,  do^s  nut  lulmit  of  (.-xti^uon  under 
sodU  pressure  as  it  is  commonly  e.xpo9ed  to ;  tho  valves  are 
equally  innxtensiU',  beting,  as  already  mentioned,  formed 
wOf  tough,  dose- textured,  fibrous  tissue,  with  strong  inter- 
^piroven  oords,  aud  covtivd  with  endocardium.     Hence,  when 

K ^^    ■> 
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tliA  T«iitriclfl  propoli  Llood  throngh  the  orifice  and  into  Qtt 
OB&al  of  die  aiierj,  the  Utenl  pro«ure  which  it  ezeram 
is  Buf&ticDt  to  dilate  the  walU  of  the  artoiy,  but  not 
enough  to  stretch  in  an  equal  dogm,  if  at  all,  the  onjrieU* 
ing  valvea  aad  the  ring  to  which  their  lovror  bordenm 
attached.  Tim  vffoci,  ilierefurv,  of  each  such  propokiiai 
of  blood  from  tho  vrntriclo  U,  that  the  wall  of  the  fint 
iwrtion  of  iho  arteiy  is  dilated  into  three  [MmcheM  behiad 
the  Tttlvci>,  while  iho  frao  mai^iu  of  the  volres,  which  fail 
previously  lain  in  contact  with  the  inner  sarfaoe  of  tha 
art«i7  (aa  at  a,  fig.  37),  are  drawD  iawazd  toward*  ib 


ccntm  (fig.  ^y,  w).  Thoir  poeilionB  maj  bo  explained  hj 
thiO  JbregoiDg  diagrams,  in  which  the  continuous  liaai 
lepreaent  a  trouBvciBe  itiiclion  of  the  art(.-nal  wall*,  Iba 
dotted  ones  the  edges  of  the  valvw,  firstljr,  whoa  tho  ndns 
are  in  contact  witli  the  walla  (a),  and,  secondlj',  wha  tha 
walls  being  dihttcd,  tho  toItub  are  drawn  awtqr 
them  (a). 

This  poutioD  of  the  volres  and  arterial  walls  is 
60  long  aa  tlie  viMilricle  continues  i:i  coutractton :    butt 


*  t\g,  37.  Section:*  of  aorla,  to  hIiow  tlia  lutiou  or  the 
mlvM.  A  i»  intondvd  to  ahuw  Ihi-  xalnt,  npneented  hy  tbt  < 
Unea,  In  cuulact  witli  thi-  arti-Tiid  null^  npttsented  ly  tliD  1 
onUr  liuc.  B  laRrr  Huutci)  b1ioif>  tliv  arlctiol  wnll  dliUndtd  inia 
thiva  jhiufUc3  <a),  aai  dtav/a  away  ft'om  tbc  rolvcs  iriildi  are  stnu^i- 
('lied  into  tUo  form  of  equiktonil  triangli^  m  Nprateatcd  hy  tie 
dattvil  lui«K, 
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800U  u  It  rslASOB,  and  dio  dilated  arterial  valla  can  recoil 
bj  their  daatidtj-,  thc^'  preM  th»  blood  ss  veil  tovacda  tho 
Tenttidea  oa  oDwants  in  tbo  ooune  of  the  circuIatioD.  Part 
of  tho  blood  thus  prcwwd  bock  lic«  in  the  poucfaea  {a,  %. 
37,  b)  between  the  valves  and  the  arterial  wuUh;  aad  the 
volvm  are  by  it  poreaMd  together  till  their  thin  Innatod 
morgiua  meet  in  three  lines  radiating  from  tho  ccntro  to 
the  oipeumfcnmco  of  the  arl*ry  (7  and  8,  fig.  38). 


*  Fi^.  3S.  Vitw  »f  tlio  lioitf  ut  iliv  nulricuW  pKK  of  Uis  heart, 
ijuxrins  tliu  irlativo  piMitii>ii  of  lliu  airtriU]  xiil  auKcuIo-reirtncalar 
ofUiccB. — \.  Tilt  muH-ulac  Ahin  of  Iha  wiitriules  ora  (xpoicd  b;  (he 
r««noTa]  o[  Uio  pecioitdium,  ful.  btixKl-Tonli,  etc.  ;  tlie  [lulmonuj 
■rtrry  mid  nocta  hare  bccu  remov-cJ  by  ■  Hction  moilo  immrdUldy 
bcj-anl  tbs  iitWlunciit  of  tlic  (cnulunar  raXvm,  uid  tbo  tniiclM  kav« 
tiMB  rtnioViiJ  Immcliiitcly  nbgva  tho  auricula- ventrieuliir  oriHcM^  Ho 
MmihuuLf  and  anrftMilo-vtntricnliir  valrtM  ant  iu  th«  ucorlj  cloMil  ovD- 
•Btjim.  I,  I,  Uio  Iimu  of  tliH  ng;tit  voiitrlolo  ;  l',  tJw  cuuiu  ■rteiionu ; 
a,  a.  tb«  bcu«  of  th«  lafl  T«ulriule ;  3,  3,  llie  dividi'd  wall  of  Ihe  right 
uiricla;  4.  that  oftbo  Uft ;  J,  J',  5",  llrn  Irit'iiipid  v»1tc  ;  6,  (f,  tixc 
mitnl  Tttite.  In  tfao  inglw  baiT««ii  thcu  tDgmontu  urc  urn  tho 
muUor  frinjtu  frequontlf  obKrmii ;  7,  IhoBnterior  jwrtof  tlm  pnl- 
nooaiy  txUij ;  S,  |)lwed  n[inn  tho  poiCorior  part  af  th«  root  u(  i)m 
aorta;  P,  tlio  right,  9',  llio  kit  coronuy  aitsiy.  (Ftoia  Qnain'a 
AttttoDijr.J 
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Mr.  SftTory  has  claarfy  slioim  that  thia  presrow  of  flit^ 
blood  IB  not  cntlrolj'  8U»tain«a  by  ilio  volvea  alone,  hoi  in  ■ 
port  by  the  muflculiir  subsUnco  of  llw  rentriclo.  AtwHi^I 
himedf  of  a  motliod  of  duaKtioa  { 
lutlierto  nM>ftt8ntIy  overkxJad,  j 
namdiy,  that  of  making  rcrtittl 
Hcctions  (fig.  39)  through  Tanon  I 
piurtA  of  the  tendinous  ringi^  i*j 
hM  been  mabled  to  show  cIm^I 
that  the  aorta  and  pulmoufT-l 
artery,  «:qiandiiig  towardH  theitj 
tenuinatian.  are  situated  upon  Aaj 
^  ouUr  edge  of  th«  tliiclc  upper  botikr  j 
of  llio  ventHoleB,  and  tiiat  oob»-| 
quontly  th«  portion  of  each  m 
hioar  ralve  adjacent  to  tho  Tend  | 
paaw«  oTer  and  rests  upcm  tho  muwular  substance — ^b«og| 
thus  supported,  m  it  w«r«,  on  a  kind  of  mitscolar  floorl 
formed  by  tho  froo  border  of  the  vcntriolo.  Thensoltlfj 
this  arrangement  will  h«  tliat  the  leflux  of  tho  blo(»d  vifl 
be  moat  eflicii-utly  sustained  by  the  vMitrictdar  wall.t 

The  effect  of  tho  blood's  pressure  on  the  riUvcn  iit,  oa  add, 
to  cause  their  margins  to  meet  lu  three  lin«  radiating  from 
the  oentro  to  the  circumforeuco  (7  and  8,  fig,  38).  The  em- 
tact  of  the  Tnlvos  in  this  position,  and  tho  complotn  damn  , 
of  the  arterial  orifice,  are  secured  by  the  peculiar  oooufn^ 
tion  of  their  borders  before  uirntioncd.  Among  the  coidl 
which  are  interwoven  in  the  substance  of  th«  tiJtw,  a 
two  of  greater  strength  and  prominence  than  the  rest ;  of 
which  one  extends  along  the  free  border  of  each  valve,  and  1 


*  Fig.  39.  VcrtimlieicUon  tliniUKh  the  af>T\a  at  ilB  Junction  wltk  ft*  1 
lotl  vmtriclp.  1.  Sccticinof  artoriil  uont.  j.  Siictiuu  of  valt>.  3.  S«e-J 
tion  of  vtntrielo. 

t  Air.  Savorj'H  pro|Mration«,  illiutrniing  tliii  taA  other  pvata  la  I 

roktiou  to  the  BltucturonnJ  fuiictiousof  tlic  r«1«»  otllic  bsatt,  «n!a  I 
the  inu*i;UDi  of  SL  UanholomciF'*  Iloipital. 
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othflr  fontu  a  doaltlo  ciirvo  or  foetoon  just  bolow  Um> 

I  border.     Eadi  of  IbMO  cords  u  attached  by  its  outer 

lidce  to  tlio  oatorcod  of  ttio  free  niArgm  of  itnTnln, 

ill  the  middle  to  the  corpus  Araatii ;  tliey  thus  enclose 

Itmntod  fjinco  from  a.  lino  to  a  linn  and  i>  htdt  in  widtli, 

,  which  space  the  substimce  of  the  valve  i»  much  thiunsr 

moK  pliant  tbaa  elsevbere.     When  the  Tslres  are 

sod  dom,  all  these  ports  or  spaces  of  their  surfaces 

M>uie  into  coutoot,  and  the  closure  of  the  arterial  orific«  is 

^tbu«  atecurcd  by  the  appositioa  not  of  thi»  mere  «dt;ed  of  the 

bat  of  all  tho«e  thiu  limnted  piirti>  of  cocli,  wliich 

I  between  the  free  edges  and  the  cords  nest  below  thtim. 

|Hkrts  are  Uruily  pressed  together,  and  the  greater 

I  piwsuro  that  falls  on  th^in,  tliu  doiiur  ancl  more  secure 

1  is  their  sppositiou.     The  corpora  Aiantii  meet  at  the  centre 

I  of  tho  arterial  orifion  \rhi:n  the  valvos  are  down,  and  they 

[  probttbl;  siBst  in  the  closure ;  but  they  are  not  essential 

to  it,  for,  not  unfrcqucntly,  tlicy  ma  wanting  iu  tho  voItss 

of  the  pulmonary  artery,  which  are  then  extended  in  larger, 

B-thin,  flapping  niargiiiH.      In  vnlvcs  of  this  farm,  also,  the 

"  inlaid  cords  are  le=s  distinct  than  in  thoso  with  torpora 

Arautii ;  ytt  the  elosure  by  ooolact  of  their  surtacea  is  not 

I  loss  eocuio. 


Soundt  of  thf  Heart. 


When  the  oar  is  placed  ovnr  tlio  region  of  the  heart,  two 
sounds  may  be  heard  at  e^ory  beat  of  tho  lieart,  which 
follow  in  quirW  aitccosaion,  and  are  suucoeded  by  a  pause 
or  period  of  silence.  Tin!  first  soimd  is  dull  and  pro- 
longed; its  commencement  coincides  with  tlie  impulse  of 
the  heart,  and  jiiat  proe-edea  tlie  puke  at  the  wriftt.  The 
second  is  a  shorter  and  sharper  m>un<l,  witti  u  somewhat 
flapping  character,  and  follows  (lose  after  the  arterial  pulse. 
'the  period  of  time  occupied  respectively  by  the  two  sounds 
takgn  together,  and  by  lite  pause,  are  almost  exactly  ci^ual. 
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Hie  relative  leogtb  of  time  oooupted  by  emch  scHmil,  u 
OompBTcd  tritti  the  other,  ih  a  littlo  iin<M!rtititi.  The  dilleraxt 
su^  he  best  approciated  by  coDBlderiug  tho  difiEbreot  fiiR» 
eoDoeraed  in  tli«  production  of  the  tu-o  sounds.  In  o&«caw 
thoro  i«  n  Htroog,  comparntivcly  vloir,  contraction  of  a 
large  moe^  of  musculnr  fibres,  ur^ng  forward  a  certaik 
quantity  of  fluid  agaiust  considerable  resistance ;  while  ia 
the  other  it  is  a  strong  but  shorter  and  aborpcr  rccoQ  of 
the  elaslii;  coat  of  tho  large  art«tie«, — shorter  becaote 
there  is  no  rflsiet&nce  to  tho  flapping  book  of  t^e  aeroPnear 
TaWei,  08  ttiere  was  to  Iht-ir  ojxuitng.  Tho  diffcKDOo  nuf 
be  also  cxpTTMvd,  ns  IV.  C.  J.  It.  ^^'illianks  baa  reuorltG^ 
by  sajring  the  words  luhb — dup. 

The  evenls  which  correspoud,  in  point  of  time,  vith  tl» 
>fir«t  sound,  ara  tho  conitrsction  of  tho  ventriclea,  the  fint 
part  of  tho  dilatation  of  tho  ituriclos,  Uie  closure  of  ih» 
auriculo-Tcntricular  ralres,  the  opening  of  the  HCmilaoar 
Talvua,  aiid  tlio  propuLuou  of  blood  iuto  tho  artoriee.  Tin 
sound  is  succeeded,  in  nbout  one-thirtieth  of  a  second,  \ij 
the  pulsalion  of  the  facial  artet^',  and  iu  about  ooo-aitfa 
of  a  second,  by  the  pulsalion  of  the  urterios  at  the  nritt. 
The  second  sound,  in  point  of  time,  immedialdy  &Uan 
the  ceesation  of  the  Tentricular  contraction,  and  oonn^cads 
with  tho  closure  of  the  semilunar  valvos,  the  coatinued 
dilatation  of  the  auricles,  tlio  commencing  dilatation  of  the 
Teutricles,  and  the  opening  of  tho  auriuulo-Tontricwhr 
valroB.  The  pause  immediately  follovs  the  second  somd, 
and  corresponds  in  its  first  part  with  the  completod  diatom 
sion  of  tho  auritlcs,  and  iu  its  second  with  tbetr  oootraotiini, 
and  the  distension  of  the  ventricles,  the  aurioulo-vcntrkular 
valves  being  nil  the  time  open,  and  tho  arterial  Talres 
cloBod. 

The  chief  cause  of  tho  flrst  sound  of  the  heart  appears 
to  bo  tho  vibration  of  the  auriculo-TcntrlcuIar  Tolrei,  and 
also,  but  to  a  less  extent,  of  tho  ventricular  walls,  tai 
ooata  of  thti  aorta  and  puhnouitry  urtftry,  all  of  which  parts 
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sodilcnlj  put  into  a  ttate  of  tenuon  at  the  mometit  of 
wntricutaT  oontrsctioD. 

TluB  Tiew,  long  ago  udvanced  by  Dr.  Hilling,  ia  eup- 
poTt<s)  hy  Ute  tamt  observed  bv  Valondn,  that  if  n  portioQ 
of  a  horse's  IntestiBft,  ti«d  at  ono  end,  be  moderately  Ullod 
Willi  irntor,  vithout  uif  ndmixturo  of  ttir,  bimI  liave  a 
gringo  cootaiiiing  water  Sited  to  the  other  end,  tlie  first 
soimd  of  the  lioart  is  niuetly  imitated  by  foroiiig  is  more 
watar,  and  thus  Euddonly  rondcring  tlio  wnllit  of  t)i<i  iutes- 
tui»  more  t«iiso. 

The  niuao  of  tho  ueortd  sound  is  more  umple  th&o 
that  of  the  first.  Et  is  probably  due  entirety  to  the 
sudden  cloeure  and  conse^ueDt  ribratioa  of  the  semiliuiar 
nl-na  when  tluiy  iiro  prMMtd  down  iKirowt  the  ori£(.-irs  of 
tbo  aorta  and  pulmoiiaiy  artery ;  for,  of  tho  other  events 
wliich  take  place  during  the  eecond  ioimd.  none  is  cal- 
culated to  produoo  Houiid.  The  iutlueutt)  of  the  valves 
in  producing  tlio  sound,  ie  illustrated  by  the  experiment 
already  quoted  from  Valentin,  and  from  others  performed  on 
lafg»  animals,  audi  im  calves,  in  which  the  results  could 
bo  fully  ajipreciatcd.  In  those  cxporimonts  two  delicate 
cnrrod  oeedlea  were  inserted,  one  into  the  aorta,  and  another 
into  tho  pidmonary  artery,  belovr  the  line  of  aUaehment  of 
the  semilunar  valves,  and,  after  being  coiriod  upwards 
about  liulf  an  inch,  were  brought  eut  again  through  the 
ooats  of  tho  respective  veEscLi,  so  that  in  each  vessel  one 
Tolre  was  included  between  tho  arterial  walls  and  tho  wire. 
Upon  applj-iiig  tite  atetho(>co]>e  to  the  vessels,  after  such 
on  (^ration,  the  second  sound  had  ceased  to  be  audible, 
nisease  of  these  valves,  when  so  extenavo  o»  to  inti-rfcro 
with  their  eHideat  action,  also  often  demonstrntes  the  same 
£sct  by  modifying  or  destroying  the  distinctness  of  the 
second  sound. 

Ono  rvusoQ  for  the  second  sound  being  a  dearer  and 
sharper  otto  than  tlie  first  may  be,  timt  the  semilunai* 
valves  are  not  covered  ia  by  the   thick  layer  of  fibres 
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oonpming  th«  walU  of  the  h«ait  to  rnich  an  axtoot  as  an 
tho  auritula-vmtrieular.  It  might  bo  cz|>cctad  Uiereton 
that  their  vibration  would  bo  mote  MSilj  hourd  througfa  a 
Btethoxuopd  applied  to  the  vails  of  tho  di«at. 

Tho  confaraction  of  the  auricle  which  token  pluoe  in  the 
«iid  of  the  pauao  ta  ioaudible  outside  (be  chest,  but  mtny  bo 
h«ard,  when  tli«  hoiirt   in  mpoAed  and   th«   stethoao^^ 
pUced  on  it,  a«  a  slight  sound  procoding;  aud  cootiic^^| 
into  the  louder  eound  of  tho  venli-iealar  oootnuitioti.       ^^^ 

!/7u'  impuUf  of  thf  Heart. — At  tho  conmcncamont  of  eadi 
Tsntricular  contraction,  the  heart  may  be  foil  to  b«at  irith 
A  slig:ht  (diook  or  impulte  ngoinjtt  tho  wulls  of  the  cheaL 
This  impulse  is  most  erident  in  the  spaco  between  tho  fifth 
and  sixth  ribs,  between  one  and  two  indies  to  the  I«A  of 
tho  sUiraum.     Tito  fon?o  of  tho  impnlno,  and  thci  extoot  to 
which  it  may  bo  peroelred  bejond  this  point,  vary  odd- 
Adorably  iii  dtOtirout  iiidividuala,  and  in  the  same  indi- 
viduals undor   diSoront  circunutancM-      It    is  foU  nun 
distinctly,  and  orer  a  larger  oxt«nt  of  surface,  in  emadalet. 
than  in  fut  and  robuxt  pcrsooa,  and  moro  durinfr  ii  foriflH 
expiration  than  in  a  deep  inspiration  ;  for,  in  the  one  coip 
the  inUirvention  of  a  thick  hiyor  of    fut  or  musx^to  botween 
the  heart  and  tho  surface  of  tho  chest,  and  in  tho  othor  tb* 
inllalioa  of  tho  portion  of  luuf;  wliich  overlapa  the  hoait, 
prevents  the  impulse  from  being  fully  truunniUed  to  tht 
Burfiice.     An  excited  action  of  tho  heart,  and  especiaU;^  a 
hypertrophied  condition  of  the  ventricles,  will  incrouo  dto 
impulse,  vhile  a  depressed  condition,  or  an  atrophied  atato 
of  the  ventrt<?ular  walls,  will  diminish  it. 

The  impulse  of  the  heart  is  probably  tlie  resoJl,  in  part, 
of  ft  tilting  forwards  of  the  apes,  so  that  it  ia  mmlo  to 
strike  against  tlie  walls  of  the  ch<?st.  This  tilting  morv- 
meut  is  thought  to  be  effected  by  the  contraction  of  tho 
spiral  muscular  fibres  of  tho  ventricles,  aud  c*i)ociaUf  of 
certain  of  tlieae  fibres  which,  according  to  Dr.  lloid,  ftriM 
from  tho  base  of  Ibo  T^itiicular  septum,  pass  downwards 
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snd  Harraxia,  forming  purt  of  tliu  ni>i>tuiu,  tbea  emerg* 
taid  nirvo  cpirklij-  aroinid  the  apex  and  adjncont  portloD 
of  Hk  heart.  The  wliole  ext4»it  of  the  movement  thiu 
l^oduced  in,  h<iwitvi}r,  but  iilight.  The  condition,  which, 
DO  doubt,  contributes  most  to  the  occurrence  and  rhnractor 
of  tfao  imjiulse  of  the  heart,  in  itit  diange  of  shape  ;  for, 
during  tiw  contrnrtinii  of  the  TontridM,  and  the  eonaoquent 
approximation  of  the  base  towards  the  opex,  the  heart 
becomes  mtan  glohuhir,  and  bulges  (h>  mucli,  that  a  distinct 
impulse  is  felt  when  the  finger  is  placed  over  tin)  bidgiag 
portion,  <!ithttr  nt  th«  front  of  the  cheat,  or  under  the 
diuphrogm.  The  production  of  the  impulse  Is,  perhnpii, 
further  assisted  by  the  t«ndeuc}'  of  Die  aorta  to  straif^hten 
ita^aad  diminisli  its  cunraturo  when  distvndod  vith  the 
Uooi  impelled  by  the  ventricle ;  and  by  the  elastic  recoil 
of  all  tbo  parts  about  the  baao  of  the  heart,  vhiuh,  aooord- 
ing  to  tim  experiments  of  Kurechner,  arc  stretched  down- 
vrard  and  bavkn&rd  by  the  blood  flowing  into  the  auricles 
and  ventricles  during  tint  clilntation  of  tltn  latter,  but  re* 
^4WTer  themselv^  nhen,  nt  the  beginning  of  the  contmctioo 
of  the  veiilriclest,  thi;  flow  through  tlm  uuriculo -ventricular 
oriflces  is  stopped,  llut  thrse  Inst-niPiitioned  conditions 
<ttn  only  be  accessory  in  the  perfect  stfito  of  things  ;  for  the 
same  tilting  movement  of  the  hi^urt  euAues  when  its  apex  is 
cut  off,  and  vhen,  therefore,  no  tension  or  cluuige  of  form 
eau  bo  produced  by  Uie  blood. 

Although  what  vra  generally  recognise  as  tlic  impulse  of 

the  heart  is  produced  in  the  way  just  mentioned,  the  boot 

I  not  so  simple  a  sltook  M  it  may  seem  vrlicn  only  felt 

'  the  finger.  By  means  of  an  inatrument  citUed  a  atrdio' 
it  may  be  shou-u  to  be  compounded  of  three  or  four 
.  of  which  the  finger  ciw  only  feel  the  greatest. 

)1ie  cardiograph  is  a  tube,  dilated  at  one  end  into  a 
cup  or  funnel,  either  opi-'n-moutlied  or  closed  by  an  elastic 

I  membrane,   while    at    the   other   it    communicatee  with 
the  interior  of  a  small  metal  drum,  one  side  of  which  is 
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formod  by  on  elaftic  membroiw,  on  vhicb  rests  a  fineij* 
balanced  lever,  like  that  of  the  8|iliygiuograiih  (fig.  43.) 

Vriicn  use  J,  tho  cup  at  tfM  vaA  of  tite  tub«  ia  place! 
immediatelj  otot  the  part  of  the  dicat-wall  at  wbkb  tbii 
apex  of  tho  hoiirt  biuits ;  irhilo  tfao  leror  on  tho  ttrua  is 
placed  in  costnct  with  a  tegiMeiinf;  apparatus.  (Se«  it- 
•cription  of  sphygmograph,  p.  147.)  ^Nliea  the  hMjL 
beats,  the  shock  communioatM  a  lerica  of  impulaca  to^^| 
eolumii  of  nir  in  tho  now  do*od  tnbo,  with  the  efiect  of 
raiaing  the  elastic  vroll  of  the  dnun,  and  of  cotuM  Ilia 
lever  which  is  altadiiid  to  it.  A  Xrating  of  tho  lieaifa 
impiilao  \»  thus  obtained  Id  die  eamo  way  as  that  of  iLe 
pulsp,  ID  the  arteries  (figs.  44  aad  45). 

Tli«  troi'iug  BbowH  tlkut  besides  tlio  stroog  l>cat  irhid 
alone  tho  finger  recognises  as  the  impulse  of  the  ImH, 
and  which  is  caused  by  the  controotion  of  (ho  voatricic^ 
there  are  other  minor  shocks  which  am  imperceptihle  Vt 
the  toucb.  The  latter,  M.  Marey,  by  oxperinteitta  00  (I16 
lower  animals,  haa  proved  to  be  thu  reaultM,  rcspectivtjy, 
of  tlie  ctintniction  of  Uie  auriclc-s,  und  of  the  closure  of  the 
aioiculo-Tentricular  and  wmihuiar  valve*. 


Frequency  and  Font  of  tk*  Htart't  Aetvm. 

The  fretfticncy  wllb  ivhivb  llio  lieatt  performs  the  actions 
we  hftve  de»:Tili<Hl,  inuy  be  coimtcd  by  ttio  pulses  at  the 
wrifit,  or  in  any  othor  artery ;  for  these  ootnMjxmd  with 
the  coutractions  of  the  TentriLlt-s. 

The  henrt  of  a  healthy  adult  man  in  the  middle  period 
of  life,  acts  from  sereoty  to  seveoty-Gve  times  in  a  mi&utc 
The  frequenc}'  of  tho  heart's  actiou  gradually  dimini^llM 
from  the  commeecement  to  near  the  end  of  life,  but  is  said 
to  rise  again  somewhat  in  extreme  old  age,  thus : — 
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Id  tK«  etatayo  Uid  iTango  nambtr  ot  pulws  in  *  minvU  ii  I  SO 

Jiwt  *!Ua  birth from  140  la  130 

DuiiD)[  Um  f>m  jTMf 13010115 

During  llw  Mcnnd  youf 1 15  to  100 

During  tlM  ihbd  jvar 100  to  90 

About  tJiB  w*mtb  yow 90  to   8s 

AboDt  Uiv  fuurUCDtli  jisvr,  iba  kvgn^  nunibtr 
of  ptiliM  in  a  luiuutf  »  rrom       ■        .        •  S5to   80 

In  adult  age So  to   70 

In  old  age 70  to   60 

lu  aecroiatnik li*0   6$ 
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In  persona  of   aaEi|>;uine  temperament,   the   lieort   act* 
eomewhat  more  frt.HjiiRiitly  thnn    m  tboete  of  tlie  phleg- 
matic; and  ia  iho  femido  box  more  frequently  than  in  the' 
mala. 

After  a  meal  it»  totioB  u  lUcolerated,  and  Htill  moT«  so 
duriiif^  hodily  «xeitioB  or  moDtal  excitement;  it  ia  alower 
during  sleep.  Tlie  effuct  of  diMiuk)  in  producing  ftimporuiy 
iiMireaM  or  diminution  of  the  heart's  action  ia  veil  knon-n. 
From  the  observation  of  acvorul  exporimeutere,  it  upi«arK 
that,  in  tho  rtato  of  houlth,  the  pulse  i«  tnoet  Irccjtient  in 
the  morning,  and  l>ecomes  gradually  alouer  aa  tlio  day 
Ii4raiuie« :  and  that  tliia  dimiuution  of  frt-cjiiciicy  in  both 
more  regular  and  more  rapid  in  the  evening  than  in  the 
moming.  It  is  found,  also,  that  aa  a  giincral  nilo,  tho 
polso,  «q>octally  in  thfi  adult  mnlo,  is  more  fr^uent  in  the 
standing  than  in  the  sittiog  posture,  and  in  the  lattnr  tlinn 
in  iho  recumbent  position;  tlie  diflcreni'e  I^ng  greatest 
bctwucn  the  standing  and'tlia  sitting  posture.  The  effect 
<tf  chaoge  of  posture  i»  greater  aa  the  fre-pinncy  of  tho 
polae  is  gTi>ater,  and,  accordingly,  is  more  marked  in  the 
morning  than  in  the  evening.  Dr.  Ouy,  by  supporting; 
tho  body  in  different  postures,  without  tlie  aid  of  muscular 
eflbrt  of  tlie  individual,  hna  proved  that  tho  increased 
frequency  of  tho  puLE9  in  the  sitting  and  standing  puititiona 
ia  dependent  upon  the  muwular  «xertioQ  engaged  in  nuun> 
toioing  tbent;  the  usual  eiifect  of  these  iKtstures  on  llw 
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pulse  bein^  almost  eDtircIy  pr«veDlcd  wlwn  tho  unuUjr 
Attendant  muacolar  exenion  w<u  tendered  vaauKeBStxf. 
Tbe  cflwt  of  rood,  lilut  tknt  of  thragc  of  posture,  is  gnam 
in  the  moining  than  in  the  ereniag.  According  to  Panst, 
tfaa  frequenujr  of  tbo  j)u1m  incnasea  in  a  corrmpauiaag 
ratio  with  the  elcvatioD  aI>oT«  tho  ac*;  and  Dr.  Franleknd 
informed  the  author,  that  nt  tho  Bummit  of  Mont  Blanc  his 
polne  utui  Hl)Out  double  the  ordinary  standard  all  the  liiM 
he  was  th«(r«.  After  nx  li»urs'  perfect  rest  and  ilaap  at 
tho  top,  it  was  1 30,  on  deswading  to  the  corridor  it  (eQ  to 
loS,  at  thn  Oninda  Muleta  it  was  $S,  at  Chomounix  56; 
notmally,  bis  pulse  a  6a 

In  haallh  there  is  obaerved  a  nearly  uniform  relatiCD 
between  tho  frequency  of  the  piilno  nnd  of  tbo  roBpLratiow; 
the  proportion  being,  on  an  aroTogo,  one  of  the  latter  tt 
thrno  or  four  of  the  former.    The  same  relation  i»  geaanllr 
maintained  in  tlio  eju>c»  in  which  the  puUo  is  natnnOf 
accelerated,  aa  after  food  or  exnoise;  bat  in  diMSM  tliii 
xdation  usually  cee^ee  to  exist.     In  many  affections  accom- 
panied with  inaeoiiKl  Iroquoncy  of  the  pulse,  the  reapin- 
tioo,  is,  indeed,  also  accelerated,  yet  the  degree  of  it» 
acceleration  beunt  110  definite  pniportion  to  tho  incraand 
number  of  the  heart's  nrtions :  and  in  many  other  caaca^ 
the  ])ulse  becomes  more  iVequent  without  any  acoompaoy- 
ing  increase  in  the  nuiiibcT  of  rc«iii rations ;  or,  the  repa- 
ration alone  may  bo  accelerated,  the  nomber  of  polmtions 
remaining  iitationaty,  or  even  falling  bolow  the  ordiaaiy 
stAsdard.      (On  Ike  whole  of  this  subject  tho  article  Patu, 
by  Dr.  Guy,  in  the  Cyelopredia  of  Aiiatomy  and  Pbynok^, 
may  lie  advantageously  cansidted.) 

The  /one  with  which  the  left  ventricle  of  tho  heart  Mo- 
tracts  is  about  double  that  exerted  by  the  contraction  of 
the  right:  being  equal  (according  to  Valentin)  to  nbotil 
-^th  of  the  weight  of  the  whole  body,  that  of  the  ri^t 
being  equal  only  to  tUOi  of  tho  somo.  This  diCGbnan 
in  the  amount  of  furco  exerted  by  the  ooQtraotion  of  tho  two 
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Tentxicles,  r«fiults  from  the  walls  of  the  left  reiitricle  being 
ulwal  ivivx  as  thick  us  thow  of  the  right.  Aod  tho  <lif- 
ftnoco  U  adapted  to  tbo  gT04it«r  dogted  of  reustanoe  vUch 
the  left  T«Dtride  has  to  ovorcouie,  compuiwd  with  that  to 
bo  OTKiDome  by  the  right:  the  fonnor  having  to  propel 
tUtod  through  OTorj  port  of  tho  body,  the  latter  only 
through  the  longs. 

Tho  forco  excruised  by  the  aiuiclos  lu  thoir  cotttr&ctioa 
has  not  been  determined.  Neither  is  it  known  with  what 
amotint  of  force  either  the  aurides  or  tho  vimtnclcit  dilat« ; 
but  there  is  no  oridonco  for  the  opinion,  that  in  their  dUa- 
tatloa  they  tan  materially  assist  the  circulation  by  any  such 
BCtioD  as  that  of  a  ctK-king-pump,  or  a  caoutchouc  bag,  in 
dravring  blood  into  their  cavities.  That  the  force  nhidi 
tho  Tmtridea  exercise  in  dilatation  is  very  slight,  hn«  been 
jMKiTed  1^  Owtcrrcichor.  Ho  rctroovcd  the  heart  of  a  frog 
Drom  the  body,  and  laid  upon  it  a  substance  suffidontly 
heavy  to  preM  it  fhtt,  and  yet  so  small  aa  not  to  ooneeal  tho 
heu%  bom  view ;  lio  then  observed  that  during  the  con- 
trvctioD  of  the  heart,  the  weight  vas  raised;  but  that 
duritig  its  dilatation,  tbe  beurt  romainod  flat.  And  tho 
same  vas  shown  by  Dr.  Clendinning,  who,  applying  tho 
points  of  a  pair  of  spring  callipers  to  tfao  heart  of  a  livo 
ass,  found  that  their  points  wero  separated  as  often  as  the 
heart  8%'elled  up  in  the  contraction  of  the  Tentnclca,  but 
a^^iOAcbod  each  other  by  the  force  of  the  spring  wh^n  tho 
Tontrioles  dilatod.  Sonng  how  slight  the  fnrce  exerted  in 
tho  dilatation  of  the  rentricleB  i«,  it  has  been  supposed 
that  tliey  aro  only  dilated  by  tho  pressure  of  tlie  blood 
impelled  from  tho  auricles;  but  that  both  vontriclea  and 
aurides  dilate  spontaneously  is  proved  by  their  continuing 
their  mccMsive  contractions  and  dilatations  when  the  h«art 
ia  removed,  or  even  wlien  they  are  separated  from  0110 
■Dother,  and  whou  therefore  no  such  force  as  the  pressure 
■  of  hlood  can  be  exercised  to  dilate  them.  By  such  spon- 
I    taacous  dilatation  tliey  at  Icust  offer  no  resistance  to  tho 


I 


128 


THB  CIECCLATION. 


influx  of  Uood,  niid  envo  Ibo  forcn  vluch  would  othenrtn 
be  required  to  dilate  them- 

Tbe  capadty  uf  lliu  two  TCJitntlcM  1.1  probaljl;-  exacUj-  Uie 
SKine.  It  ia  difKcult  to  de4«miiBo  with  emfAin^  hovr  mudi 
thia  may  )>e;  tnit,  tolling  llic  mean  of  varioua  asdmatei^ 
it  may  bo  inf<;iT«d  tlint  ciicJi  Tcntride  is  able  to  coutatii  ob 
an  arerage,  about  three  ounces  of  blood,  tlie  whole  of  which 
ia  iuipdlltyl  ijito  Uteir  reBpocTtivn  artories  nt  csoh  contntctws. 
Tho  cnpocity  of  the  auriclee  ia  rather  less  than  tbAt  of  the 
ventricles :  the  (hicknesa  of  thnr  <n,'alU  ia  conaadcnibl/  ^am. 
Thu  lntt<-r  condition  is  adapted  to  tb«  smnll  amount  of 
force  which  the  aurioles  require  in  order  to  empty  thetn- 
selves  into  their  adjoining  ventricles;  tho  former  to  dio 
cirouinataacc  of  tlio  wntridcii  boing:  partly  filled  with  blood 
befin«  the  auricles  contract. 

Chum  of  the  Ilhiithmic  AclioM  0/  Ike  Heart. 

It  bos  been  attvmptttd  in  varioun  waya  to  acooont  for  tha 
«sisteiice  and  continaanco  of  the  rhythmic  moremeiits  at 
the  heart.  By  some  it  hns  been  supposed  that  the  contact 
of  blood  with  tlie  lining  mcmbrano  of  the  cavities  of  tha 
heart,  furnishes  a  stimulus,  in  answer  to  whicli  tho  wallsof 
thcAc  cuviticH  contrart.  But  the  fact  tliat  the  heart,  m- 
|>iicially  in  Amphibia  and  fi.'thoe,  will  continue  to  oontrwt 
and  dilate  Te)>ulaTly  and  in  rhythmic  order  after  it  is  re- 
moved fniia  tli«  body,  i.-ompl(ituly  emptied  of  blood,  and 
even  placed  in  a  vacuum  whore  it  cannot  receive  tlin  sti- 
mulus of  the  atmosphejlc  air,  is  a  proof  that  even  if  the 
contact  of  blood  be  the  onUnajy  stimulus  to  tha  heart's 
contraction,  it  cannot  alone  be  an  explanation  of  its 
rhytlimic  motion. 

The  iullucnoe  of  the  mind,  and  of  somo  offectiona  of  tho 
brain  and  spinal  cord  upon  the  action  of  tlie  heart,  piovM 
that  it  is  not  altogether,  or  at  all  times,  independttit  of 
tho  corcbro- spinal  norvotix  syetcni.  Yet  the  numeioiu 
experiments  instituted  for  the  purpose  of  determining  the 
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iilfe  hUti  to  jiroro  that  tlio  action  is  directly 
iod  vaiicx  ordinary  circumstanuca  lij-  t]i«  power  of 
ly  portion  of  the  bntin  or  apiniU  cord.  Sudden  deatruo- 
of  either  tiio  brain  or  spinal  cord  alone,  or  of  botb 
lOr,  producea,  immodiately,  a  temporary  interruption 
oeesation  of  th«  heart's  ucrtion :  but  this  appears  to  be 
Ij  an  ofToct  of  llic  j/toct  of  so  seTere  an  injury ;  for,  in 
euch  caaee,  the  movementa  of  tlio  Iiowrt  are  subse- 
gtMBlly  resumed,  umI  if  artificial  respiration  Im  kept  up. 
Ljr  continue  for  a  considerable  time ;  tmd  may  then  a|i^ 
amcted  by  a  violent  ahoclc  applied  Ihrougli  un  injury 
tbo  Moro)ic]i.  ^Vhi1o,  tlioroforp,  ivo  must  admit  an 
i«ct  OP  Docauonal  iniluenco  eaerdaed  by,  or  throng;!), 
ibe  brain  and  spinal  oord  upon  tlio  moTcmonts  of  tlio  hearty 
and  may  bclioro  this  ini!u<?nc«  to  be  the  greater  the  more 
liighly  the  several  organs  are  developed,  ret  it  is  dear  tliot 
tre  cannot  otioribe  th«  regulu  detmniitatioQ  and  direction 
if  the  moTotnents  to  these  nerrous  cratres. 
The  persistence  of  the  movements  of  tlie  fa«art  in  tlioir 
,ar  rhythmic  onler,  ofter  its  removal  from  the  body, 
|and  their  capability  of  being  then  re-excited  by  an  ordinary 
•timulua  after  they  bavtt  censed,  prove  that  Uio  ciuiso  of 
tbeee  movements  must  be  resident  vrithin  the  heart  itself. 
.And  it  sooms  probable,  from  tlie  experinienla  and  observa- 
tions of  various  obsorv(<rK,  that  it  is  connceted  with  tho 
.«xiBtenro  of  numerous  minute  ganglia  of  the  sympathetic 
nervous  system,  whidi,  with  connecting  nerve-fibres,  nro 
distributed  tlirough  the  substance  of  the  hrnrt.  These 
ganglia  appear  to  act  as  so  many  centres  op  organs  for  Uic 
production  of  motor  impulses ;  wliile  the  connecting  nerve- 
fibres  unite  thL-m  into  one  system,  and  enable  them  to  act 
in  concert  and  ditec-t  their  impulses  so  as  to  excite  in 
Tegular  Bcries  the  sucoeuive  contractions  of  the  several 
muscles  of  the  heart.  The  mode  in  which  ganglia  thus 
act  OS  centres  and  co-ordinators  of  nervous  power  will  be 
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described  in  tha  chapter  on  the  Nebtotib  Ststzx;  and 
it  will  appear  probable  that  the  chief  peculiarity  of  tha 
heart,  in  this  respect,  is  due  to  the  number  of  its  ganglia, 
and  the  apparently  equal  power  which  they  all  exercise ; 
so  that  there  is  do  one  part  of  the  heart  whose  action,  more 
than  another's,  determines  the  actions  of  the  rest.  Thus, 
if  the  heart  of  a  reptile  be  bisected,  the  rhythmic,  suc- 
cessive actiona  of  auricle  and  ventricle  will  go  on  in  both 
halves ;  we  therefore  cannot  say  that  the  action  of  the 
right  side  determines  or  regulates  that  of  the  left,  or  vie* 
vtna ;  and  we  must  suppose  t^t  when  they  act  together 
in  the  perfect  heart,  it  is  because  they  are  both,  as  it  were, 
set  to  the  same  time.  Neither  can  we  say  that  the  auricles 
determine  the  action  of  the  ventricles  j  for,  if  they  are 
separated,  they  will  both  contract  and  dilate  in  r^^nlar, 
though  not  necessarily  similar,  succession.  A  fact  pointed 
out  by  Mr.  Maiden  shows  how  the  several  portions  of  each, 
cavity  are  similarly  adjusted  to  act  aUke,  yet  independently 
of  each  other.  If  a  point  of  the  surface  of  the  ventricle 
of  a  turtle's  or  frog's  heart  be  irritated,  it  will  immediately 
contract,  and  very  quickly  afterwards  all  the  rest  of  the 
ventricle  will  contract;  but,  at  the  dose  of  this  general 
contraction,  the  part  that  was  irritated  and  contracted  first, 
is  slightly  distended  or  pouched  out,  showing  that  it  wa& 
adjusted  to  contract  in,  and  for  only,  a  certain  time,  and 
that  therefore  as  it  began  to  contract  first,  so  it  began  to 
dilate  first. 

The  best  interpretation,  perhaps,  yet  given  of  it,  and 
of  rlij'thmic  processes  in  general,  is  that  by  Mr.  Paget, 
who  regards  them  as  dependent  on  rhythmic  nutrition,  i.t., 
on  a  method  of  nutrition  in  which  the  acting  parts  are 
gradually  raised,  with  time-regulated  progress,  to  a  certain 
state  of  instability  of  composition,  which  then  issues  in  the 
discharge  of  their  functions,  e.g.,  of  nerve-force  in  the  case 
of  the  cardiac  ganglia,  by  which  force  the  muscular  walla 
are  excited  to  contraction.     According  to  this  riew,  there  is 
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the  nerrooa  gan^ia  of  tha  heart,  ttoil  in  all  parts 
origiiiattng  rbytlimic  procmsM,  the  same  altantatioa  of 
riods  of  action  witli  periods  of  repoee,  during  vhidb  the 
til  tli»  ntrutiitru  ih  repuirui],  lis  ia  obmrred  in  most 
',  if  not  all,  tho  organic  phvoornvna  of  UEo.  All  organie 
!S  seem  ia  be  regulated  witli  exact  olMArvaaco  of 
;  an«I  rliytlinii*^  nutrition  luiil  action,  as  sxhibited  in 
action  of  th«  hoort,  ar«  but  weU-iDarkc<l  example«  of 
(duonometric  tunuigement. 
Wa  maj  conclude,  tLen,  that  tho  ocrvom  ganglia  in  the 
lieart'a  substoDce  ar«  the  immediate  regulators  of  the 
^Ktnort'a  action,  but  that  tfaciy  ora  thumwlTos  liabU  to  in- 
^pBoHicaB  coDTt^od  from  witltout,  through  branobea  of  the 

pneumogastric  and  sympathetic  nerves. 
^m       The  pnuumogiulric  ncrvnt  aro  the  mi?dia  of  an  inhibitory 
9  or  restraining  influenoe  orer  the  action  of  the  heart ;  tar 
when  by  sectioa  their  influence  is  n-it)ulrawi),  the  pulaa- 
tioDS  of  the  organ  are  increased  in  fluency  and  utrength ; 
while  an  <i]>]iu!iile  cffM-t  is  produced  by  stimulating  them, 
K — the  tnuiffinission  of  ou  electric  current  of  oren  moderate 
^strength  diminishing   the  pulsatSons,  or    stopping  them 
altogether.     Stimulation  of  tho  sympathetic  nerves,  on  the 
itber  hand,  accelerates  and  stTCDgthoos  tho  lieart's  action. 
VoriouA  thcori<!S  hare   been   proposed   to  account  for 
pocnllar  roctilts,  but  none  of  them  are  very  satia- 
V  and  it  is  probable  that  many  more  bets  must  be 
before  any  tlieory  en  the  subject  can  be  per- 
manently maintained. 

'Jlio  oennection  of  the  action  of  the  honrt  with  the  otlter 

Orgnnit,  and  the  influencea  to  which  it  ts  subject  throiigli 

are  explicable  from  the  nonnoctioa  of  its  nervous 

with  the  other  ganglia  of  the  sympathetic,  and  with 

Irain  and  Hplnal  cord  thruugh,  chii-tly,  tlie  pncumo- 

gastric  dottcs,      Hut  tliia  influenco  is  proved  in  a  much 

more  striking  manner  by  the  phenomena  of  ditroose  than 

by  any  osprrimautul  or  otlicr  physidlogieul  observatioos. 

K  2 
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The  tnflueoce  of  s  shock  in  arreatinff  or  iDodUjrin^  tt« 
axiloa  of  thi!  hi'UTt,— its  rciy  nlow  oction  ftft«r  compranoo 
cf  tlio  bruin,  or  injury  to  the  cemcal  portion  of  th«i  Rpiul 
oord,  —  its  irregularitiM  and  pnlpitotions  in  dyspepiis 
arid  hysteria, — aro  better  evidence  for  the  coonoctioa  «f 
the  heart  with  the  otlier  orKaaa  throuf^h  the  nengw 
Sjstem,  tlian  tin!  any  nunilta  obtained  by  oxpcrimmto. 

Effcu  of  the  Htart't  Atiion. 

Thftt  tlis  oontraotiocs  of  the  hoort  aoi^ly  alono  a  sofr 
iriant  force  for  the  clrcuUtion  of  the  blood,  a|^>ean  to  be 
eatabliahed  bj'  the  resulu  of  aereral  experiments,  of  wbiob 
the  following  is  one  of  tlie  most  COndusiTe  : — Dr.  Shuptf 
injected  biillock's  blood  into  the  thoracic  aorta  of  a  dog 
reoenUj-  IcUIod,  afler  tjiug  the  abdominal  aortn  oboro  iIm 
renal  nrtcries,  huiI  found  that,  with  a  force  just  eqoat  Ig 
that  by  which  the  Tentiicle  commonly  impeU  the  blood  ui 
tlie  dogr,  the  blood  wliich  lui  injected  into  tho  aorta  paawd 
in  a  free  stream  out  of  tho  trunk  of  the  veoa  cava  infRrisr. 
It  thus  traversed  both  the  systemic  and  hepatliic  capiUariei: 
and  when  tlie  aorta  was  not  tied  above  tho  renala,  blood 
injected  under  tho  sam^*  pressure  flowed  freely  through  thi 
vessels  of  the  lower  extremities.     A  pressure  e(|ual  to  lliat 
of  one  and  a  half  or  two  incluw  of  mereuxy  was,  in  (he 
same  way,  foimd  sufBctent   to  propel    blood  through  tiu 
vessels  of  the  lungs. 

But  although  it  is  probably  true  that  the  heart's  action 
nlone  is  sufficient  to  ensure  the  circulation,  yet  tlicro  "tIH 
several  otlier  forces  which  are,  as  it  were,  supplemcntaiy 
to  the  action  of  the  heart,  and  assist  it  in  maintaiiuDg  tlw 
i^ulation.  The  principal  of  these  suppleraeotal  fhran 
have  been  already  alluded  to,  and  will  now  be  mor«  falty 
pointed  out. 
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The  vails  of  the  arteries  nra  composed  <if  Ihi^e  principal 

.ta,  termed  llio  tjitmal  or  tunita  adreniiua,  tlie  middU, 
ihft  internal,  whilo  tlin  Inttvr  u  Uiiud  witliin  bf  a  nsglft 
of  tMeelalcd  cpitholiiim. 

Thb  ezUvoal  coat  tir  tuiiiia  adventitia,  the  ationgMt  and 
toiiglicat  part  of  tfa«  wall  uf  the  artery,  u  foruitTd  <if  areolar 
tiaeue,  witli  irlitcl)  ts  mingled  tltroiigliout  a  network  of 
elaHic  fibiea.  At  the  inner  part  of  this  outer  coat  the 
clastic  network  form*  in  moftt  ortcriw  to  distioct  a  Iajw 
ua  to  be  aometimcs  called  the  txtenial  ttattk  eoal. 

Thfi  mMU  ct/at  i.i  composed  of  both  muwiilar  and  elastic 
fibrea. 

The  fonnor,  vliii^h  are  of  the  palo  or  unalriped  variefy  (mo 
Chapter  on  Motion),  nro  niningod 
for  the  most  juirt  transvereely  to 
the  long  aua  of  Uki  nrterj' ;  while 
tbe  elaalio  element.  Inking  idso 
Ik  tmnnrerM!  direetiou,  la  disposed 
in  tbe  form  of  tluM'l}'  inter- 
voten  and  branching  fibres, 
irhich  intvnect  in  all  parts  tho 
layen  of  muscular  fibre.  In 
artmiex  of  various  aize  there  is 

dilfcrento  in  the  proportion  of 
Ihe  muscular  and  elastic  elenieiit, 
doatio  liwue  prejxmderatiBg  in 
Ihe  largest  ftrtcric>>,  irhilo  this 
eoodiliou  ia  rerersed  in  thoee  of  medium  and  small  size. 

The  internal  arterial  coat  is  formed  by  layers  of  elaatio 
Uasue,  consisting  in  part  of  coarui  longiHiilinid  hnuicliing 
fibres,  and  in  part  of  a  very  thin  snd  brittle  membrane 
hirh  [lOMewiee  tittle  elasticity,  and  Is  thrown  into  folda 
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*  ng.  40.    UaicaliT  Gbiv-cellK  lima  Lumna  artoic*,  nu^^cd  350 
tlisBiMtrs  tEoUikrr).    a,  ulutiil  itktc ;  b,  tntteil  with  Acetic  ikM. 
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or  wrinkles  when  Uic  »rt«r]r  tcDtrarts.  ThU  Inttrr 
bran^,  tho  etriated  or  fenestrated  ooat  of  Henle,  is  ptm- 
liar  in  ila  tendency  to  curl  U[i,  wlion  peolnil  off  {rom  d* 
arteiy,  and  in  tho  iK-rfornt4Nl  and  etreobed  appeanm 
fig.  41.'  wlucfa    it    |)reaenta    midcE 

tho  tiiicroefK^Mt.      Itn  iuur 
surfuoA  la  lined  vrilh  a  da- 
licntc  liijor  of  cpitlwlin^ 
comjpoaed  of  thin  eqiiwucw 
tioagMoUcviht,  which  mtb 
it  mnooth  and  potinhod,  aaj 
fWnish  a  neatly  imptnat- 
nblo  suHbco,   tiloag  whitt 
tli«  blood   may  floir  uSh 
tbo  smalleat  poa8  ihle  amovt 
of  leaatoBco  ftom  firicdcn. 
Tho  walls  of  the  arteries,  with  the  poaoiblo  exc«p*ioBtf 
the  epithelial  lining  aud  tho  lajera  of  tbo  intimBl  roil 
immviliiitvl}-  outside  it,  are  not  nouriebed  by  the  Iilool 
which  thoy  conroy,  but  are,  liko  oUi«r  partn  of  the  bolj, 
supplied  with  btlte  artoriea,  ending  in  capillaries  audran^ 
whic'li,  lirauc-liing  throughout  tliR  external  luat,  extend  tat 
eomo  distanro  into  tho  middle,  but  do  not  rcai^  tbo  iolcnal 
eoat.      Tbeso   iiulriejit   vtssels   are   called   raaa    riuonm. 
Nerve-fibres  are  also  Eiipptioil  to  the  wulla  of  thu  arieritfL 

The  function  of  the  arteries  is  to  convey  blood  from  llie 
heart  to  all  parts  of  Hie  liodj,  end  each  tisrae  trbich  enttn 
into  thn  tiniiitructinn  of  an  nrteir  has  a  Kpocial  purpom  bi 
serve  in  this  distribution. 

( I .)  The  external  coat  furins  a  slnmg  and  tough  iovait- 
munt,  which,  tlioiigti  cupablo  of  extension,  appears  princi- 
pally designed  to  etroogthen  the  arteries  and  to  gtiaid 
agftitut  their  excesalTC  diatenaioa  jroni  the  force  of  til* 


*  Fig-  4r.     Ptirtion  of  roaeitratHl  moniliruu)  TrMtt  tk«  cntntl  uitrj, 
lougnUiijU  ;too  iliauMttni.    o,  ^,  t,  prifomlioiu  {tcrnu  Healei. 


STBCCTCHB  OF  ABTEBIES. 


i3S 


t'a  acdoD.     In  it,  too,  tbe  1ittl«  tata  vatorum  End  a 
■hie  tissoe  in  wkidi  to  mbdivido  tor  tli«  auii[>1j  of  Uiu 

ooats- 

(2.)  Tbe  pur])066  of  the  filaAtie  tiaiue,  wliich  entem  m 

i'lftrgnljr  into  tlie  fonnatioD  of  nil  tli*  ooste  of  the  uterios,  ib, 

lit.   To  gaaxd   the  arteriea  from   the  suddenly  exerted 

fTCssuro  (u  which  tlinj  are  iiulij<«tod  ut  eurJi  Rontrnctioo  of 

tho  ventricles.     In  eveiy  eu<h  contraction,  the  coatenUi  of 

the  Tentrides  fire  forced  into  the  arteries  more  qiudtly 

than  thcj*  can  bu  dinchiirg>>d  into  And  through  tbo  oopU- 

larim.     The  blood  therefore  being,  for  an  instant,  resisted 

ia  ita  onward  coumo,  a  jmrt  of  the  foroe  vrith  whidi  it  was 

impcUiid  ix  directed  ngoiiiHt  tho  ndm  of  tbe  arteries ;  under 

this  forc«,  which  might  burst  a  brittle  tube,  tlieir  f.-huitiu 

walU  dilato,  «trctching  enough  to  receiTe  the  blood,   and 

aa  ihej-  stretch,  becoming  more  teoao  and  more  rrsintin^. 

I       Thua,  by  yiddingr,  Ihcj-,  a>  it  were,  lircak  the  shock  of  the 

tibne  impelling  the  blood,  and  exhoust  it  before  they  are 
Id  danger  of  bursting,  ihroiigh  being  OTentrctuhed.  Kltw- 
ticity  in  thua  ndvantagcona  in  all  arlorioii,  but  chiefly  ao  in 
tbe  ftoria  and  iti^  large  branches,  which  are  prorided,  aa 
already  aiii<1,  with  a  liirgn  proportiouul  qimiiti^  of  dastic 
tissue,  in  adaptation  to  the  great  force  of  the  left  ventricle, 
wtiidi  falls  first  ou  them,  and  to  the  inoroaaed  pressure  of 
i  the  Arterial  blood  in  violent  expiratory  offorhi^ 
■  On  the  subiiidcuco  of  tlie  pressure,  when  the  ventricles 
"  (-ooso  c.onlritctinfr.  the  artnriiw  am  able,  by  the  samti  elas- 
ticity, to  resume  their  former  calibre  ;  and  in  thuK  doings, 
tlicy  manifctit  tlio  2nd  clii<^  puriiose  of  their  clastioiQ',  that, 
Dunely,  of  equalizing  the  rurrf^t  of  the  blood  by  main- 
taining preoaure  on  tlie  blood  in  the  arteries  daring  the 
periods  at  vhich  the  ventricles  are  at  rest  or  dilatbg.  If 
aome  auch  method  aa  this  had  not  been  adopted — if  for 
example  tlio  arteries  had  been  rigid  tubes,  the  blood, 
instead  of  flowing  as  it  does,  in  n  constant  stream,  would 
hare  boon  propelled  through  the  arterial  system  in  a  series 
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of  jorka  (lOTTC^oadtiig  to  tli«  veatricolftr  contractions,  nitih 
interrola  of  Blmoet  oampl«te  n«t  during  Iho  inAction  of  tkt 
Tenbticles.  But  in  ihe  actual  oaoiilitlon  of  the  Brtetiet,  tit 
fiwoo  of  tlui  lacoOMiTD  contractions  of  tho  rentnclas  is  o- 
pended  partly  in  the  direct  propulsion  of  the  blood,  and 
partly  in  tbu  dilatation  of  the  uliuttio  arteries ;  and  is  dw 
int«rvulM  bt^twcon  tho  coutnicdtHLS  of  tlio  voatriclcc,  flis 
force  of  the  r«ooiling  and  contiactiog  arteries  is  em[>kpj«d 
in  oontinuiug  the  saute  direct  [iropulsion.  Of  course,  ti» 
|n«ssure  exorcised  by  tbo  rcooiling  arterios  is  eqaal^ 
difTused  in  every  direction  ihrouffh  the  blood,  and  lie 
lilood  would  tciid  to  more  backwards  as  w<dl  nfl  onwiHi; 
but  that  all  moT«ment  backwards  is  prevented  I7  ihs 
cloauro  iif  tlic  MOii-Iuuar  arterial  TalT«!i,  wliicli  takes  phcs 
at  the  very  commeacument  of  tho  recoil  of  the  attenal 
walls. 

By  this  essrdw  of  the  elostiGi^  of  the  arteries,  all  tht 
ibrce  of  the  vemtikles  is  made  advantsgeous  to  tlie  ciivnla- 
titmi  for  that  port  of  their  fontt  which  xa  expended  is 
dilating  the  arteries,  is  restored  in  full,  aooording  to  that 
lav  of  action  of  elastic  bodies,  by  which  ihcy  return  to  the 
state  of  rest  with  a  force  equal  to  that  by  which  they  were 
disturbed  therefi'om.  There  is  thus  no  loss  of  foToo ;  but 
neither  is  there  any  gain,  for  the  elastic  walls  of  the  artoy 
oannot  originate  any  force  for  tho  propulsion  of  the  blood^ 
they  only  restore  that  which  they  received  Jrom  the  vemlri- 
clea;  they  would  not  contract  had  they  not  first  been 
dilated,  any  more  tlian  a  spiral  spring  would  shorten  itKlf 
unless  it  were  first  elongated.  I'hd  udvantage  of  ulastidtf 
in  this  reepect  is,  therefore,  not  that  it  inorcaeee,  but  that 
it  i-iualifes  or  diffuses  ihe  force  derired  from  the  periodic 
contractions  of  tho  ventricles.  1'ho  force  with  which  tho 
arteries  are  dilated  every  time  the  ventrides  contiMt, 
might  be  aoid  to  be  received  by  them  in  store,  to  be  aU 
given  out  again  in  the  next  succeeding  period  of  dilntatioa 
of  the  Tontriclcs.     It  is  by  this  etjualiEiii^  influence  of  the 
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•oooeBBiTa  liruuJUM  of  every  artery  tliat,  at  lengtli,  the 
iatermitteat  ftooeleratiooa  produced  in  the  arterial  current 
hy  tfae  action  of  tho  heart,  <«ase  lo  be  obscrrable,  and  the 
jetting  streain  is  wnwrtcd  into  the  continuouK  oiid  cquaUf 
moTemcnt  cf  tlie  blood  whioh  ve  see  ld  the  capUlaries  asil 
veins. 

In  the  production  cf  n  cootinuoiu  etntom  of  blood  ia  the 
sm&Uer  arteries  and  capillaiMS,  the  reeistaDce  which  IB 
offered  tu  the  blood-atreain  in  the  capillaries  (p.  161),  ia  a 
neceasarj  agent.  Were  then  no  gntittcr  obttode  to  tlie 
taeape  of  blood  from  the  arteries  than  exists  to  Jta  eiitraiicf 
into  Ihcm  from  the  heitrt,  the  Mlreain  would  lit;  iuteniiitteiil, 
OOtwitiistiindln^  the  elaeticit^-  of  the  trolls  of  the  nrt«rie». 

It  iH  the  r«uiitiuice  wludi  the  Ii^ft  reiitricle  meeta  with 
in  foroing  blood  into  tlio  art«rioa  that  cniiwK  port  of  tlie 
fiuce  of  its  contraction  to  be  expended  in  dilating  them, 
or,  oa  before  remarked,  in  laying  up  in  them  a  power 
which  will  act  in  the  tntemls  (d*  the  T«ntricle*B  contrac- 
tion. 

(3.)  By  mcnnn  of  Uio  cinfltic  tiMUO  in  their  wall*  (and  of 
themu^ular  tiMue  aUo),  the  arteries  nre  enabled  to  dilate 
and  <?oiitract  readily  in  eorr<'»j>ouJeiine  with  any  teniporarj" 
increase  or  diminution  of  the  total  quantity  of  blood  in 
the  body;  and  wiltuu  a  certain  range  of  diminution  of 
the  quantity,  still  to  exercise  duo  pressuro  on  Uieir 
contents. 

The  elartiir  coal,  liowever,  not  only  assists  in  restoring 
the  normal  calibre  of  an  artery  after  temporary  iVilatat'tov, 
but  also,  (4)  may  oasiat  in  restoring  it  oiW  dtmin  utio  of 
'A»  nlibi*,  whothi^T  this  bo  caused  by  a  tempomty  con- 
ct  the  muaculor  coat,  or  the  application  of  a  eom- 
preming  force  from  without.  Tliis  action  of  the  elostie 
tissue  in  RTtcrics.  is  well  shown  in  arteries  which  contract 
after  deatli,  but  regain  their  average  patency  on  the  ccsn- 
tion  of  pwtt-martoin  rigidity  (p.  140).  (5.)  By  means  of 
their  elastic  coat  tho  arteries  are-  enabled  to  adapt  them- 
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mlvr*  to  tlM^  difloroDt  movements  of  tho  •arerat  parta  tt 
the  body. 

AVe  bare  alreadj  nforred  to  tho  fiict  that  the  midcDf 
ooat  of  tho  nrtoriM  is  composed  of  tuuitriped  muKflte 
fibres,  mingled  with  fine  eUutio  filAinenls.  Hw  evileon 
ibr  the  musouLiU'  ronlmct^iiy  of  art«ri<W  may,  howevor,  bt 
given  briefly  for  thu  Kiko  of  the  |*byBiolo{pcal  focts  <a 
which  it  hinKes. 

( t .)  Whiiu  iL  unuU  nrtiin-  in  tho  Uring:  nibjeot  is  expOMJ 
to  th«  ftir  or  cold,  it  gradually  but  manifestly  ooBtnelL 
Bunt«r  observed  that  tiia  poMt«rior  tibial  artery  of  a  ^ 
wbeu  Iniil  biirc,  bocami*  in  n  sliort  limo  so  much  contracted 
as  slEDost  to  prerrent  tho  traQsmission  of  blood  ;  nnd  iki 
observniiuu  Iioh  biicn  ol^tn  and  Tanoiuly  rantinnel 
Simpio  eUstici^  could  not  effect  this;  for  after  dosll, 
vhai  the  ntal  muscular  power  has  ceased,  and  tb* 
nie«liani<ud  elastic  ono  stone  operates,  the  contncfed 
arteiy  dilates  ogaio. 

(3.)  'When  au  arteiy  is  cut  actcss,  lis  divided  endsoco- 
tract,  and  tho  orifices  may  he  complct^y  closed.  Tl« 
rapidity  uiid  conipli^titniMs  of  thiM  eoutraction  Taiy  it 
diU^erent  animals;  thoy  are  geoernUy  greator  In  joasg 
than  in  old  aujuials ;  and  less,  apiiarently.  in  man  tiiaa  ja 
Huimals.  In  part  tliis  contrnction  is  diiv  to  ulastidty,  btf 
in  part,  no  doubt,  to  muscular  action ;  Cor  it  is  generally 
increased  by  the  upplitMtimi  of  colil,  or  of  nny  aimiile 
Htimulatiiig  8ub8taucefi,  or  by  mechanically  irritating  tlw 
cut  ends  of  the  artery,  as  by  picldu^  or  twisting  them. 
Siirh  irritation  would  not  be  foUowed  by  tlioee  effects,  if 
the  arteries  had  no  other  power  of  contracting  than  that 
depending  u[ion  elasticity. 

(3.)  The  contractile  property  of  arteriea  coatinuea  many 
hours  u(l«r  doatli.  and  thus  iiffordn  an  opportnoitr  of  distin- 
g»i«hiiig  it  from  olosticity.  \V1ien  a  portion  of  an  arteiy. 
tho  splenic,  for  example,  of  a  recently  killed  nnimul,  is 
vxpusud,    it  gradually   controcU,    and   its   canal   may  bs 
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thus  oomi>Iot4:lj  closod :  in  thiit  coDlracted  eUt«  it  remains 
for  a  titne,  varying  from  a  few  honn  to  two  days :  (hen  it 
clilBt««  Sj^iu.  and  iiennoneiitlj'  rataina  tbe  samA  nisie.  If, 
whiJc  coDtrnaod,  tho  artery  be  fordbly  diiitcn<l«d,  its  coB- 
tncti[i^  is  deetroyed,  and  it  hold§  a  middle  or  nuturnl  ttize. 

This  [>em»icn(!<!  of  tlio  toutrat-tile  proporty  after  dent]) 
wa»  vol!  shon-n  in  nn  obeorvBtion  of  I!uut«r,  vhiiAi  may 
be  mentioned  as  proving;,  also,  the  gnater  dogno  of 
coatractJlity  poiw»r>d  by  the  mnulk-r  than  by  the  Inrger 
arteries.  Having  injected  tho  uterus  of  n  vow,  wtiich 
bad  lieoD  remui,-ed  from  tlie  animal  upwards  of  twenty-fuur 
hours,  he  found,  after  tho  Inpso  of  nnotlu'r  day,  that  the 
larger  veaseb  had  become  much  more  turgid  than  whvn  bo 
inJM'tod  ttirm,  and  that  tho  sinullvr  arteriea  had  contracted 
so  as  to  force  die  iojcotion  back  into  tho  Iu^gl^^  ouei*, 

Tbe  reenlls  of  an  experiment  which  Hunter  mndo  with 
tba  Teasela  of  on  umbilical  cord  prove  ntjll  more  Etrikingly 
tho  long  rontinnuvcn  of  tho  contrnctilo  pow«r  of  arteries 
after  death.  In  a  woman  delivered  on  a  Thursday  after- 
noou.  Uie  umbilical  cord  was  separated  from  the  ftctus, 
having  bcwt  fir»t  ti«d  in  two  places,  and  ilu-u  cut  liplwcen, 
so  that  the  blood  contained  in  Ibo  oord  and  plnccntii  was 
eonlini.'d  in  tlieni.  On  tho  fullowiiiij;  moTTiln^,  Hunter  tied 
n  string  round  tlie  cord,  nbout  an  inch  below  thn  other 
ligature,  that  the  bluud  ini^bt  tilill  bo  confined  in  tbe 
plaiinita  and  romnining  cord.  Hnving  cut  off  this  piece, 
and  ttllovred  all  tlie  blood  to  e«oapo  from  its  vessel)!,  he 
attentively  ubtcTvcd  lo  what  nixu  Lliu  cads  of  tbe  cut  arte* 
rie«  w^re  brought  by  the  elasticity  of  tlioir  coats,  and  th«n 
laid  aside  the  i>ie(V  of  cord  lo  see  tho  influence  of  the 
contractile  power  of  its  tsssoIs.  On  Saturday  monung, 
tho  day  after,  the  mouths  of  the  arteries  were  <iomplet«Iy 
closed  up.  He  reiiuotcd  thu  experiment  the  name  day  with 
nnoUtvr  portion  of  tho  same  cord,  and  on  tho  foUowing 
nunning  found  the  results  to  be  precisely  nimilor.  On  thn 
Sunday,  he  ])erformed  the  experiment  the  third  time,  but 
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thti  artory  tbon  sofiD«d  to  hare  lost  its  contnictili^.  Ctf  m 
th«  Monday  nionung,  the  moutlu  of  the  cat  arteri«fl  vaw 
fouud  open.  Ill  cnch  of  th«m  €xp«riment«  tlicre  vaa  bta 
littlo  oltoration  percolTed  in  tli«  orifices  of  the  veiiu. 

(4.)  The  iuiluenoe  of  oold  in  increasing  tho  ooDtraclkm  of 
n  <IiTidod  nrtcty  has  be^n  roferred  to  :  it  hns  boon  sbowo, 
siso,  by  Scfawanii,  In  on  osperiment  on  the  meseatery  of  a 
living  toad.      Having  extoDdcd  the  mesonter  undar  the 
microscope,  he  plac«d  upon  it  a  Cav  diops  of  VAter,  thb 
temperature  of  wliicb  waa  Gome  degrees  loiror  tlun  that  of 
Uic  atmOBph«T«.     Tho  contmctioQ  of  the  veesela  aoon  coi»- 
menced,  and  (^adually  increasod  tiulU,  at  the  cxpinUion  of 
ten  or  fiftri-n  minuttis,  tlto  diameter  of  tho   canal  of  aa 
art«7,  which  at  first  was  00724  of  an  English  line,  was 
reduL'L<d  to  00276.     The  arteries  then  dilated  ng'sin,  aai 
at  tho  (TxpiratioD  of  half  an  hour  had  acquired  nearly  tbdr 
original  size.     By  renewing  the  application  of  the  wattr, 
the  contraciion  was  reproduced :  in  this  way  tho  expori- 
inciit  (Kiuld  \>n  pc^rf»nncd  noveral  timM  on  tlio  same  urtefy. 
It  is  thus  proved,  that  cold  will  oxdte  coniraction  in  iLc 
walU  of  very  ainall,  as  well   ua  uf  ccimparntivcly  large 
wt<>rics :  it  could  not  produce  such  <imtrBction  in  n  merely 
elastic  substanoe ;  but  it  is  a  stimulus  to  the  orgaDic  mus- 
cular fibres  in  many  other  parts,  as  well  as  in  tho  artoiiil 
coat ;  as,  t.y.,  m  thu  iikiu,  the  dartos,  and  llio  vriUIs  of  the 
bronchi. 

(5)  Lnatly,  satisfactory  evidence  of  the  muaculurity  of 
tho  arterial  coats  is  furnished  by  tho  cspcrimonts  of  Ed. 
and  E.  H.  Weber,  and  of  Professor  KolUker,  in  which 
lh<<y  applied  the  etiinulua  of  (ilectro-mngnetltim  to  small 
arteries.  Tho  experiments  of  tlia  Weljers  were  performed 
on  the  small  mesenteric  arteries  of  fWigs ;  and  tlio  mott 
strilcing  results  were  obtained  when  the  diameter  of  the 
Tcssets  examined  did  not  exceed  from  f  to  lY  of  n  Pans 
line.  ^Vhen  a  vessel  of  this  siw  was  e.vpo9ed  to  tho  Dle»- 
current,  its  diameter  in  from  fivo  to  leu  soconda,  becai 
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ae-third  leu,  and  the  area  of  its  Mction  about  oae-Iialf. 
J  Oa  eontuming  tlio  atimulus,  ttio  noTTOwiug  gradually  Id- 
[«reaaed(  until  t}io  nlibro  of  tlio  tube  becamo  from  thmo  to 
[six  timee  nnaUor  th&n  it  irog  at  first,  so  that  only  a.  sioglfl 
.  rOTT  of  b!ood-eor]>u»c]HS  oould  poaa  along  It  at  ouo« )  and 
atunlly  tli«  tcjwcI  was  <'lu!ied  and  tlui  cuireni  of  blood 
Fureated. 

With  regard  to  tho  purpose  terved  hy  tlu  mueeaUiT  coat  at 
the  nrtcH'^s.  then*  nppcnrs  iio  sufBdiwt  reason  fur  siipjHwing 
that  it  assists,  to  more  than  a  veiy  small  degree,  in  pro- 
palling  tli<!  onward  current  of  blood.     Its  moat  important 
office  ia  that  of  n^gulnting  the  quimtity  of  blood  to   bo 
received  by  each  pari,  and  of  adjusting  it  to  the  require- 
meots  of  onoli,    aiaxn^iag  to  TOriou)  circumstniiooK,    but 
chiefly  and  moBt  naturnlly,  noeording  to  tho  activity  with 
which  tlio  functions  of  each  part  are  at  difTcrent  tinnw  |K!r- 
ibnned.     The  amount  of  voric  done  by  each  organ  of  tho 
body  Tones  at  different  times,   and  the  variations  ofton 
quickly  suooecd  each  other,  so  that,  rnt  in  tlu>  brain  for 
example,  during  sleep  nnd  waking,  within  the  eamo  hour 
K  part  may  be  now  vei>'  active  and  then  inuctiro.     In  all 
Its  active  ezerciM  of  function,  mich  a  part  requires  a  larger 
■upply  of  blood  than  is  sufficient  for  it  during  the  times 
when  it  is  comparatively  inactive.     It  is  evident  that  tlio 
heart  cannot  regulate  the  supply  to  each  port  at  different 
periods,  neither  coiUd  this  be  regulated  by  any  gcu<TuI 
:  and  aniform  contraction  of  the  arteriuM  ;  bat  it  may  be 
Mgabted  by  the  power  which  the  arteries  of  eaclt  part 
have,  ia  their  mosotilar  tiSBue,  of  ooDtrocting  sn  as  to 
^^iTllim^h,  and  of  posnvely  dilating  or  yielding  so  as  to 
permit  an  iacrease  of,  the  supply  of  blood,  according  aa 
tlie  requirements  of  tho  part  may  demand.      And  tlius, 
whilo    the    ventricles    of    the   heart   determine    the    total 
quantity  of  blood,  to  be  sent  onwards  at  each  contraction, 
anil  tbe  force  of  its  propulaion,  and  while  the  lo^e  Bod 
menl;  eliutic  arteries  dlairibute  it  and  equalise  iU  atxeom. 
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tli«  smaller  orlcriM  with  muKuIor  tiutui  odd  to  thoM  two 
pQipoBca,  that  of  r^tdating  and  determiaiQ^,  aocoidiDg  la 
ita  nMiuiromcuU,  the  ptoportioD  of  ihc  wliolu  (juantitjr  ct 
blood  vhich  tiuiil  ho  dutribatod  to  wcJi  port. 

It  mHt  be  remembered,  hoirerer,  that  tbia  r^ruhitin^ 
AmotioD  of  the  ul«iios  is  ttsetf  gorniwd  and  dizoctod  bf 
dw  Dorvoufl  qrstem. 

Tbo  utuouhtr  tiasne  of  arteries  is  supplied  with  nerrw 
chiefly,  if  not  cnlirotj,  bj  bruiclio*  from   the  sympAtlutie 
Kfttma.     Those  so-collod  nuo-motor  Di>rves  ore  af^aia  ran- 
aeotod,  through  the  medium  of  gftnglta,  wiUi  tho  fibres 
Ttom    the    sj-mpalh«ttc    sjvtem   supplied    to     the    otfpu* 
nouri«l)vd  by  these  some  arteries.     Thus,  any  (londitioQ  a 
tltcae  organs  wbii^  cnuaos  th<nn  to  need  a  difiV>roDt  Bmomit 
of  blood,  whether  more  or  less,  produces  a  certain  in- 
prcMion  on  their  nerrce,  and  hj  tlicav  tlto   impresatoa  Ei 
oairisd  to   the   ganglia,    and  tbeinca  reflected   aloo^  tbs 
Donraa  which  nippl}*  t)ic  uieriea.    Tbe  muacular  eleueottf 
tliQsn  TMwli  responds  in  obedience  to  the  impreation  com- 
reyed  to  it  by  th«  nerrca ;  and,  according  to  its  coDtractiss 
or  dilatation,  is  a  larger   or  smalW  cjuaatity  of  blood 
allowed  to  pass. 

Another  function  of  the  muscular  eUme&t  of  tho  micUk 
coat  of  arteries  is,  doubdcas,  to  eo-opant*  with  the  eUitip 
ia  adapting  tlte  calibre  of  the  Tewola  to  the  qiuuiti^  tt 
blood  which  they  coatain.  For  the  amount  of  fluid  in  die 
lilfjnd  Tfiiiuilri  varies  rery  oonsiderably  eren  from  hour  to 
hour,  and  can  never  be  quite  constant ;  and  were  tlio  etaatw 
tissue  only  present,  tlu;  pressure  exerciaed  by  tho  vaUi  of 
the  containing  resseLs  on  tho  oonlained  blood  would  be 
sometimes  very  small,  and  sometimM  inordinataly  gtvoL 
The  presence  of  a  muscular  idement,  howovar,  proridei 
for  a  oortaiD  uniformity  in  the  amount  of  pressure  oxar- 
cjsed ;  and  it  is  by  tltis  adaptire,  unifiam,  gentlo,  musouUr 
oontnuiUoD,  that  the  toiw  of  tlie  blood-Tosscls  is  maintainciL 
Uoficiency  of  this  /oiu  is  the  cause  of  the  soft  and  yield- 
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'  Ing  puUo,  and  it«  naoataral  «xccm  of  Uui  liard  and  tense 
on«. 

The  elastic  and  musoakr  contraction  of  ao  arlei^  may 
also  lie  regarded  as  fiiUilling  u  nmtitnil  puqioiw  wheii,  the 
artciy  being  cut.  it  first  limits  and  theo,  ia  conjunctios 
\Titli  the  coagulated  fibrin,  arrctcta  tko  cocape  of  blood.  It 
is  only  in  couMquenuK  of  mich  contraction  and  coagiilntJOD 
thnt  vo  aro  froo  from  danger  throngb  eren  Terjr  slight 
wounds ;  for  it  is  only  wUiMt  tlin  iirt<^ry  is  dosed  tliat  tlie 
itaoea*e«  for  tho  moro  pcrmaneot  and  secure  provention  of 
blooding  ore  established. 

Mr.  SaToty  has  shown  that  the  natural  state  of  all  arte- 
ries, in  regard  at  Icotit  lo  tlioir  length,  ia  one  of  tension — 
tJiat  they  are  ulwnyn  moro  or  loss  ntrctchod,  and  over  roady 
to  recoil  by  virtue  of  their  elasticity,  whenerer  tho  oppos- 
ing foroo  b  removed.  Tlie  extent  to  which  tint  divided 
extremities  of  arlerios  retract  is  a  measure  of  this  tension, 
not  of  their  elasticity. 

From  what  htut  bei^ii  said  in  tin)  preceding  pages,  it 
appears  that  the  office  of  the  arteries  in  tho  circulation  is,— 
IH,  the  conveyance  and  distribution  of  blood  to  the  several 
parbi  of  tho  body ;  2'iii,  tho  equnUxation  of  the  current,  and 
the  conversion  of  the  pulsatile  jetting  movement  given  to 
the  blood  by  the  veutridl,^s,  Into  au  uniform  flow;  ^rd,  the 
rogtiliitirm  tif  tho  iiiipply  of  blood  to  each  port,  in  accord- 
anoe  with  its  demands. 

Tlie  Pullf. 

The  jetting  movement  of  the  blood,  which,  aa  just  stated, 
it  ia  one  of  the  offices  of  the  arteries  to  change  into  an  uni- 
form motion,  is  the  cause  nf  the  pulte,  and  therefore  needs 
a  lll^pIu-uto  cunnideratlon.  Wo  have  already  said,  that  aa  the 
blood  is  not  able  to  paaa  through  the  arteries  so  quickly  as 
U  is  forced  into  them  by  the  vcutriclr-,  on  account  of  the 
n^tance  it  experiences  lo  the  capdlaries,  a  part  of  tho 
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fbroe  with  vfaicii  Um  bout  impoU  the  blood  is 
npoa  tli«  walls  of  tLe  towoI*  which  it  diitt^ids. 
<Iiabiasioii  of  coc^  aiterj'  incnosM  both  itH  lenj^tli 
dUni«ter.  In  tiuAr  olongBtioa.  tho  artorica  change 
form,  the  Htiaight  onea  becomiog  curved,  or  havinjf  toA  i 
tradoocy,  luid  thoae  aireadf  ctin-M  bnooming  more  •»;■ 
bat  the?  reoovei-  th«ir  pn:Ti<Kis  form  aa  woU  as  their  &• 
xaetet  vfaen  the  retLtncntar  contiactioD  oeases,  and  tboir 
olutJc  walls  nwoiL  The  increitso  of  their  curves  vtoA 
Moompanies  the  distensiori  of  «rterios,  and  tho  saooeediag 
VMOtl,  mu<r  Ijo  wdl  seen  in  the  prominent  temporal  uterf 
of  on  old  persoD.  Thtt  dongatioa  of  the  artery  is  in  tuci 
a  case  quite  manlleet. 

Tbo  dilatation  or  incrCAM)  of  tho  dinmeter  of  the  ailtiT 
is  less  evident.    In  eereral  rcptilos,  it  may  bo  Moon  wittiOBl 
aid,  in  tho  immediate  vicini^  of  the  heart,  and  it  inaj  it 
wiitchod,  with  n  i>iin]ili;  Ttingnifpng  gloss,  ia  the  aorta  of 
the  tadpole.     Its  slight  amount  in  the  smalhir  arteries,  At 
difliifiil^'  of  obtervinf;  it  in  ojia^ite  parts,  and  the  rapidt^ 
vrith  which  it  takes  phico,  nro  sufficient  to  aooount  for  iti 
being,  in  Mammalia,  impercq>lible  to  Iho  ojo.     fiat  ii 
tbcte  also  oxperiment  has  proved  its ooTOrrence.    niiiiiiji. 
in  evidence  of  such  dilatatioD,  says  he  enoircded  ft  lafp 
arlury  with  a  thin  elastic  metallic  ring  cl«ft  at  one  pOu^ 
and  that  at  the  moment  of  pulsation  the  cleft  part  becm* 
perceptibly  widened. 

This  dilatation  of  an  artery,  and  the  elongation  produciac 
curvature,  or  increasing  the  natural  curvea,  am  sennbls  to 
the  finger  placed  over  the  veasel,  and  prodaco  the  puba 
Tbs  mind  cannot  distinguish  the  sensation  produced  bj 
the  dilatation  from  that  produced  by  tlio  elongation  and 

'  There  U,  porbapi,  an  ciccptiou  to  thin  in  the  com  or  tho  acri^  «( 

which  th«  curve  U  hy  lomo  suppoMd  to  bo  diimiiiib»d  when  it  is  «toa- 
K>trd ;  Iiat  if  thii  be  bo,  it  is  bccaiiio  only  one  end  of  tb«  arcb  U  te- 
movuble ;  the  other  end,  with  tbo  heart,  may  move  bnnud  dichtl; 
when  the  ventricle*  eantmct. 
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jetiiTinir:  Umt  vbicli  it  parMives  moat  plainly,  Hoirevor,  is 
(the  (lilatfttion.* 

The  pulfto— <Iuo  to  nny  pron  bwit  of  the  hoort — U  not 

eptible  at  tho  same  moment  in  all  t)io  nrteries  of  tlie 

aj.    Thus  it  can  be  folt  in  tlio  cnrolid  r  very  tihort  tinio 

nfiirti  it  i«  p'wwptililo  in  the  radial  artery,  and  in  Ihi* 

again  before  tlio  donnl  artery  of  tho  foot.     Thii 

t}aff  in  tho  (wnt  i«  iu  proportion  to  the  distaniw  of  tho 

cry  from  the  heart,  bat  the  diOereDoe  in  time  between 


"  Fm  ah  bet,  which  In  ronlntry  to  th"«  commonly  iiccpjitud  dMtrifli-, 
'  KM  iodeblcd  to  my  frit- nJ,  Dr.  II«n»loy,  wlw  tuis  kiutlly  furniihcd  mn 
rjth  tlw  tollowjiig  iint«  on  ths  lubjnct ; — 
By  iktnmiiibiK  llio  cuuiliEioiui  of^imliliriam  of  a  portion  nf  artery 
iBuppoMiltylmdricnliuiHilk'J  wilhblood  at  A  KirDn  pnunnro,  Ititwaily 
boon  that  tlio  tnuuvoTH  tcnoiou  it  donblo  tho  Innfcitiulliul. 
AIm  it  may  bs  ■kawncxpnrimrntAllythHt.  irHtri[i*of  equal  breadth, 
len  itt  tho  two  lUrtcllooa  IVoiii  oiiu  or  Ibp  UrgfiT  arliiriiv,  be  i>1r«tchcd  by 
■•t|nal  wvlfihl*^  the  utretclunfc  uf  thu  tnuBvcnie  slip  is  lomcnhat  grmtcr 
I  tliat  of  tho  toogitudiniiJ  one. 
(SjF  U«  teonf  ttrtUhing  isloht  undentood  ammaU  of  itnUkiny,  ant 
:  Httnatt  of  loijlA.- — U  may  ht  meanrtd  by  tii  raliii  which  Uu 
:  ^  UngtA  itart  la  lAr  tfr^faol  bngAi—nJui  Ihimj*  «-.(<af 
'  IcMjfA*  an  5  and  lo  (iu^Acj  are  nfuaHy  tlrcu/ud  icAoi  OUir 
I  art  m/fle  6  a'ul  II  iiu-lu'»  mpcHlivli/,) 
Sncbcxpvrimvutn.ilKuibcfW  Uiil,  nilhln curtain  limitt,  Die  atretdiing 
fcnrb  itnp  varipi  directly  as  iu  leutioo. 

nenetlti^II  Viwonlliattbn  tminvoncitrDlr.hbfrarannrtniy,  *b»ii 
i  with  blood,  tuu»t  be  M)inonhit  mnn  tliui  iloiihio  it*  luDgitudJnal 
[otretcLin^ 

Thi*  brin^  truu  for  diCTemit  blood  ptmaureBi  Ihp  dilTeniK^e  between 
tthe  IMTinvrir  itmlehin^  for  dilTerent  pr«Kun»  must  bo  lomewhat  more 
|tiuut  double  the  dtflercoee  between  the  curreipondiag  htigitiidinal 
chlDH> ;  and  thiw  we  ati  huMly  be  jmtifiod  in  laying  tlial  the 
I  of  lonR^dinal  >tretchinjt  which  takoi  placo  with  tho  imUe  'm 
•  than  the  IncraaM  of  trannvcrun  itrctchliif;. 
It  must  also  be  Feiiu!n>)H<n;<l  tb:it  llio  art'iriix  are,  under  all  circum- 
FStnnoea,  nalnnilly  in  n  ntnto  of  teiuiuu  lun^tudiiiaUy,  aaO  that  their 
llaOgth,  thimfon,  caimot  bo  jnirrauied  at  all  raxtH  the  blood  pr«Mur«  le 
tlDcnawd  beyond  »  ccnain  point.— (Ed.) 
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Uie  beat  of  any  two  arteritt  uerer  exoeed«  pn>biU>ljr  I  to  I 
of  a  seootid. 

A  gniut  dval  of  liglit  hu  been  Dtrown  on  what  ni» 
bo  colled  tlie  form  of  the  pulse  by  iho  si)liygtnogrBph  (6^ 
43  and  4.3].  The  priDei|)le  on  wliiiJi  the  ^^yginognpb 
acta  ia  Tvry  lumplii  {«co  6g.  43).  Ths  small  InittOD  i»- 
placw  the  tiugor  Id  the  ordinary  act  of  lakinK  the  pulK 
and  ia  madu  to  rest  lightly  uo  Uui  artery,  tlic  pulsotiou  of 
which  it  ia  duircd  to  iavoMigate.  The  up-and-den 
moTomeot  of  the  button  is  oommunioalcd  to  the  Itnt,  b> 
the  tiiiid<-r  nul  of  vhidi  is  attnchod  a  slight  spmig,  «bci 
ullon'8  the  lever  to  more  up,  at  tlie  baine  time  that  It  a 
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just  strung  enough  to  resist  its  making  any  auddeu  jok,  I 
iuid  in  the  interval  of  the  beats  aUo  to  aeaist  in  bringing  it  1 


*  Vlg.  41.  DUgniiii  <il  Uie  mode  of  w ti<m  of  tli«  Sph; 
■I"  J''S-  4J'  11"  S£iliJpaogtniih  njiplicd  to  tlic  inn. 
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liable  to  its  original  portion.     For  ordinal^  purposes,  Uie 
iiismuuent  is  bound  on  the  uTist  (%.  43). 

It  is  evtd«ut  tli&t  iho  bi^atiug  of  the  pulse  nitb  the 
on  of  tbo  spring  will  cauec  an  up-uiul-donTi  move- 
nt of  tUe  lerer,  and  if  the  extremity  of  the  latter  bo 
'  itikud,  it  will  write  tbe  ctfect  on  tlio  card,  vhxch  ts  made 
[  to  moT«  by  (lockwork  in  the  direction  of  thu  lurow.  Thun 
J  a  tiadng  of  tbe  pulse  is  obtained,  and  in  this  way  much 
foaoie  ddJcato  effects  con  bo  soon,  tliau  can  be  felt  ou  the 
I  Rpplicatioa  of  the  finger. 

Fig.  44  leiiKsenis  a  beAlthy  [lulse- tracing  of  iho  mdiol 

'  nrtrry,  but  ttoincn-but  doficiont  iu  lone.     Ou  examiimtioii, 

ue  see  that  tbe  up-stroke  which  represents  tho  boat  of  tbo 

|itil*«  is  a  De«rly  vertical  lino,  while  tbe  down-stroke  is 

Pin  AA' 


'  slaDting,  and  intt^rniptrd  by  u  iJii^lit  m-iiMijnt.     'i'liu 
BOn  vjgocooe  the  pulse,  if  it  be  bcfilthy,  tlie  less  Is  this 
•uocnt,  and  cim  tfnd.     Fig.  45  represents  the  tracing 


*  Ffg.  44.  PiOM-tnuiDft  of  riuilal  ni'lerT,  twmvwlist  defickot  in  font. 
t  Fifl.  45,   Firm  nnil  long  iinluc  nf  vipirons  heiillli. 
;  Fig.  46.   PnlM-trnciiigurrnillal  urlcry,  n-itLiluuble  apes. 
Tbo  abovv  tr«ciDg«  ar«  lakrn  Iruin  Vt.  S*Dcknoa's  work  "  On  the 
IphyCnoKraph." 
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at  ft  )i«alt1i5  puUo  in  whttth  tbe  tone  of  tbo  TOasd  is  liottw 
than  in  th«  Inst  iDatoooo,  and  the  dovm-fttroko  is  tberdcn 
iau  iatenofiei. 

SouMtinios  tho  up-stroke  hm  «  doublo  apex,  as  in  % 
46.     This  will  be  oxplained  hereafter. 

Bnfuro  procncidin^  to  cootidnr  th«  formation  nf  the  puln, 
(LS  shown  by  tli«se  tracini^s,  it  is  necdesary  to  coiuiilcr  «te 
are  tlie  eleincuts  ootnbiti«<l  to  praduoe  it. 

Tho  lionrt  itt  r«>guW  int«r¥«ls  diaduurgea  a  tatm 
quantity  of  blood  into  tho  aiteriee  and  thoir  hnaAa^ 
already  filloil,  though  not  diatantlcil  to  the  utmost,  vlA 
fluid.  This  tnth  (jiiantity  of  blood  obtoiiui  ontrssM  hf 
the  yielding  of  the  art«ry'B  elastic  walla,  and,  00  tfai 
oossation  of  tho  pr0]H!Uin)i;  forw,  mid  when  thvuo  mib 
tecoil,  the  blood  ia  prevontod  &om  rcturaing  into  (b 
Teotrid*  whwoo  it  is  umiod,  by  the  shutting  of  tha  m 
IimarTalTn  in  the  mannor  hetan  deecriboil  (p.  117).  1^ 
preesute,  theieftire,  which  is  exerdsed  <m  the  blood  bj  tb* 
ooiitriwtinij;  iirtnriid  wnlla,  will  oause  it  to  travel  la  a  dbw- 
tioD  avay  from  tlio  hoiut,  or,  iu  othvr  n-ords,  towaid*  A* 
c^)iUarieB  and  veins. 

It  won  formerly  supposed  that  the  pulse  was  camed  M 
by  tho  direct  action  of  the  vwitricle,  bnt  by  the  pnipsg» 
taon  of  a  wave  in  oonseriuraco  of  tlte  elastic  r«coil  ot  tk 
largo  artcriMi,  oltor  tltvir  diitcnuoa ;  and  suoaeBSiTe  aA  tt 
dilatation  and  recoil,  extending  along  tho  oitarisa  in  A» 
direction  of  the  drciilatioo,  wera  euppoeed  to  aeooniit  Bv 
tho  later  appeartuiuo  of  tlio  pulse  in  the  ross^  mMt 
distASt  from  tho  heart.  I'ho  fiu^i,  howomr,  that  the  pnlK 
is  percq>tible  in  every  part  of  tho  arterial  eyetem  prerioa 
to  tho  t)cciirreuce  of  the  eei^nnd  sound  of  the  heart,  thstil 
previous  to  the  closuro  of  tho  nortic  mlvra,  is  a  btd 
t)bj<a!tion  to  this  tlieory.  For,  if  the  pulse  wtiro  tli«  eSett 
of  a  wavo  propugated  by  tlio  oltenkato  diliitation  and  eoft- 
traction  of  euccesuve  portions  of  the  artmal  tube.  It  oaghl, 
in  all  tho  nrteriea  except  those  nearest  10  tho  beort,  Id 
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ibllow  or  coiDcido  irilb,  but  comid  never  pTOcodr,  tlte  eeoond 
sound  of  tlu>  boart ;  for  (he  first  ttObcl  of  tlie  elastic  racoil 
of  ths  uteriM  first  diluted  U  the  olosure  of  tlic  aortic 
Talves ;  sod  their  dosure  produioea  the  Moond  eoimd. 

The  theory  which  eoems  to  roconcUa  all  the  tAcUt  of  tho 
and  especially  those  two  which  appear  most  opposed. 
It,  that  the  pohw  iilwajs  procodm  th«  secoiid  souud 
the  heart,  and  yet  is  later  in  the  arteries  far  fruia  tho 
thao  in  thoM  near  it,  may  be  thus  stated :— It  sup- 
that  tfaa  blood  vhich  is  imptdlvd  onvrorda  by  the  left 
ide  does  not  so  impart  its  preseore  to  that  vhldi  the 
almsdy  contain,  as  to  dilato  tlio  whole  attariol 
at  once ;  but  that  it  enters  the  aiteriee,  it  dispLieea 
Knd  propels  that  which  they  before  contained,  and  Hows  on 
'trilh  what  may  bo  cadlod  a  fuaJ-ttate,  like  that  vhii^  is 
forrued  when  a  rapid  stream  of  water  overtakes  nnothor 
lOving  moro  slowly.  Tho  slower  stream  offers  resistanoa 
to  the  more  rapid  one,  till  tlioir  rolocitiea  are  e<{uulized : 
und,  iKMiuae  of  such  reustance,  some  of  tl;e  force  of  the 
lore  rapid  strvam  of  blood  just  expired  from  the  ventricle, 
diverted  laterally,  acd  with  the  rising  of  tlia  ware  tho 
!ttrtcries  niiunxit  the  heart  are  dilated  and  elongated.  They 
not  at  once  recoil,  but  ixiiitinue  to  bo  distended  eo  long 
Idood  is  entering  them  irom  the  veotricle.  Tho  warn 
at  ilie  head  of  the  more  rapid  stream  of  blood  runs  on,  - 
and  maintaiDod  in  its  velocity  by  the  eoutioaoiis 
itractioD  of  the  ventride :  and  tt  thus  dilates  iu  Hocvcfr- 
■ton  every  portion  of  tho  arterial  ay^tvai,  and  produces  tho 
pulM  in  all.  At  len(^,  the  whole  arterial  sjatem  (where- 
in a  pulse  can  bo  felt)  is  diluttsl ;  and  at  tliia  tiuie,  wlivn 
I'tfae  ware  we  have  supposed  has  reached  all  the  suialler 
arteries,  tho  iMitire  syntetn  may  be  said  to  bo  fiimult&- 
ueously  dilated ;  then  it  )>i'giiix  to  contract,  and  the  ooo- 
tntctioQS  of  its  several  parts  eufiue  in  the  same  suoceaMOD 
as  the  dilatations,  commvocing  at  the  heart.  The  ccntno* 
tion  of  tho  first  jxntioo  produces  the  closure  of  the  toItw 
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and  the  eeoonil  sausd  of  tlm  beart ;  and  hoth  it  and  ito  j 
pn^reaaive  contnujltoasof  all  llio  more  distnnt  parts  mnj 
tain,  aa  almoily  onid,  tliat  prajutiro  uu  tlie  Uood  dunB|] 
tiw  inaction  of  tlio  ventriclo,  bjr  which  tlio  atrpom  of  ii*l 
arl«nal  blood  is  suatoioed  between  the  jets,  and  ia  GmI^  | 
Mjualiwd  b)-  tha  time  it  rea^hM  iho  (n|)illarie^. 

IlmayaMinnD  objection  to  this  tb<-oiy,  that  itvauUl 
probably  require  a  Larger  qoaatity  of  blood  to  dilate  iS 
the  artftrics  tliaii  can  b«  diwhaii^^  by  tLe  ventriclo  at  «ikJ 
contraction.     Uut  thi.<  ijiinntity  ncooMniy   for  aodb  a  pw-l 
poae  ia  lees  than  miglit  be  auppoaed.      InjectioDS  of  Aal 
arteries  prove  that,  Jiiduding  all  .don-n  to  tlioae  of  abcarl 
one-rightli  of  n  line  in  diamottir,  thoy  do  not  contain  (•  i 
an  aY«m<;e  more  than  one  and  a  half  pints  of  fluid,  era 
whi'ii  iliKtciiiloil.      Tlxirn  ran  bo  no  doiilit.  therefore,  tlui 
the  thr«e  or  four  ouDre«  which  the  ventricle  is  aajipoMl 
to   discharge  at  eadi  oonlravtiou,  In-iiig    nddml   to  dm 
wbicJt  ainuidy  fills  the  nrtorien,  would  bo  sufilcieut  to  di» 
Wai  them  aU. 

A  diatiiiC'tion  mutit  bo  carefully  made  between  tho  pasM^ 
of  lh«  ivat'f  along  the  arteries,  and  thev^ocity  of  tJie  it/r«m 
(p.  155)  of  blood.  Both  wave  and  current  are  imwdnt;  ht 
the  rates  ut  which  tliey  1ra\-Bl  are  very  difforent,  that  afth> 
wave  being  Iweoty  or  thirty  timaa  a*  great  aa  that  vilta 
eurrent. 

Itntumiiig  now  to  tho  conwi deration  of  the  pulse-tnctap 
(p.  I47>  it  way  be  remarked  that,  in  eai'b,  tho  tip-stnie 
I'Urreapoiids  with  tint  period  duniift  which  the  Tentiids  >i 
contracting;  the  down-stroke,  with  the  interval  betiwa 
its  contractions,  or  iu  otlii^r  words  with  tfae  recoil,  aficr 
distensiou,  of  tlio  eliwtic  arteries,  in  the  largo  aiteri«, 
whvu  al  least  tliure  is  muuh  loss  of  lone,  tho  up-etroke  is 
double,  lis  in  dg.  46,  tlin  almost  instantancona  propagatiaB 
of  the  force  of  coalmction  of  tlie  left  ventricle  along  tLt 
column  of  blood  in  tho  arteries,  or  tlie  ponnissioD-impulM, 
a>  it  is  termed  by  I>r.  Sanderson,  being  sufiicientljr  itnw 
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jflrk  lip  tlio  ItiTOT  for  nn  instimt,   wKilo  tlio    irow  of 
■lood,  rattier  more  sloirl)'  propa^^ated  from  tho  TeDtriGtOt 
Btcti«s  it,  eo  to  speak,  aa  it  begioa  to  full,  and  again 
[•Uglitly  riuMS  il. 

In  the  Tsdial  artery  tra^in^,  on  tho  other  hand,  ire  see 
[.(bat  tlio  up-Mtroko  in  Hin^Ie.  In  tliU  cono  tlie  pRrcumion- 
Limpolso  is  not  suiKcientl;  strong  to  jnrk  up  tlio  lever  and 
[produce  «n  effect  distinct  from  tliat  of  tlio  systolio  watt 
jviuoh  immediately  feUowa  it,  and  whioh  continues  utd 
lOOmpletM  tUo  distension.  In  canno  of  fisublu  arturud 
tension,  however,  the  pcrcussion-impulBe  may  bo  tiacod 
tlw  ffphyginu^aph,  not  only  in  the  carotid  pulse,  but 
I  a  leas  extent  in  the  radiol  alio. 

In  looking  now   at  the  down-strako  (fig.  44)  in  the 

rtr&oings,  iro  k»o  thnt  in  Ihu  cjuu  of  an  arUiy  with  dcfi- 

fi<!ut  tone,  it  ia  interrupted  by  n  ^rell'marked  notch,  or,  in 

uthor  woriLt,  that  tho  dea(«iit  is  interrupted  hy  a  slight 

'  uprisuig.     There  arc  indii-utioiu  idxo  of  nlightur  iirugu- 

ljanli«fl  or  Tibrationa  during  tho  fdll  of  the  lerer;  while 

Itheeo  an  aluim  to  In.*  aet-n  in  the  puUe  of  lioalth,  or,  in 

[MlMr  TFOrds,   wlion   tho  wiilU  of  tlio  tirt«ry  iiro  of  good 

'  tOM  (Sg.  45).     In  some  cabm  of  di«ea«e  the  ro-ascent  is 

I  so  considerable  as  to  be  perceptible  to  the  finger,  and  this 

double  beat  has  recRiTed  the  lochniMl  uumo  of  "  dicTOtoujt" 

I  pnlMt     Aa  a  diseased  condition  this  has  long  been  rocog- 

I  nissd)  bat  it  ia  only  aince  the  invemtion  of  the  8[ihy»mo- 

'  givph  that  it  has  hoou  ibuud  to  belong  in  a  certain  dvgree 

to  the  uormoJ  pulse  also. 

Various  thoorits  have  been  framed  to  acoount  for  tho 
dierotisin  of  the  pulso.  Ity  auuii.',  it  is  suppiised  to  hv  due 
to  the  aortic  valves,  the  suddon  closuro  of  which  stops  tho 
It  regnrgitntioit  "f  Uood  into  the  ventricle,  and 
a  momentary  robniind  tliroughout  the  arterial 
»yfttem ;  whilo  Dr.  Sanderson  considers  it  to  be  iwuseit  liy 
a  kind  of  rebound  from  the  periphery  rather  than  from 
tiu)  centrad  part  of  the  circulating  iipp^irutus. 
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Force  of  the  Ul-jutl  in  lie-  Aihi'.i.'. 

The  force  with  wlueh  the  ventriclea  act  in  their  con- 
traction, and  the  reasons  for  believing  it  Buffident  for  the 
circulation  of  the  blood,  have  been  already  mentioned. 
Both  calculation  and  experiment  have  proved,  that  very 
little  of  this  force  is  consumed  in  the  arteries.  Dr.  Thomas 
P'<J.  47'  Young   calculated    that    the    loas   of 

force  in  overcoming  friction  and  other 
hindrances  iu  the  arteries  would  be  bo 
sliglit,  that  if  one  tube  were  introduced 
into  the  aorta,  and  another  into  any 
other  artery,  even  into  one  as  fine  as 
hair,  the  blood  would  riw  in  the  tube 
I'rom  the  smaU  vessel  to  within  two 
inches  of  the  height  to  which  it  would 
rise  from  the  large  vessel.  The  cor- 
rectness of  the  calculation  is  estab- 
lished by  the  experiments  of  Poi- 
eeuille,  who  invented  an  instrument 
named  a  hEcmadynamometer,  for  es- 
timating the  statical  pressure  exet- 
cisod  by  the  blood  upon  the  valla  of 
the  arteries.  It  consists  of  a  long 
glass  tube,  bent  so  as  to  have  a  short 
horizontal  portion  (fig.  47),  a  branch 
(2)  deacending  at  right  angles  from  it, 
and  a  long  ascending  branch  (3). 
Jlercury  poured  info  tlie  ascending 
and  descending  portions,  will  necessarily  have  the  same 
level  in  both  branches,  and  in  a  vertical  position  the 
height  of  its  column  must  be  the  same  in  both.  If,  now, 
the  blood  is  made  to  fiow  from  an  artery,  through  the 
horizontal  portion  of  the  tube  (which  should  contain  a 
solution  of  carbonate  of  potash  to  prevent  coagulation) 
into  the  descending  branch,  it  will  cxett  on  the  nietcuij  a 
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«qaal  to  the  foroa  bj'  which  it  i»  xaovvA  in  tho 
I,  aitd  the  mercury  vriU,  in  ooQS<^quenc«,  deatend  in 
tlii«  Imuu^h,  and  a*(«Di]  in  tho  oth<ir.  'llto  d«ptli  to  wliich 
it  sinks  in  the  one  branch,  added  to  the  height  to  irhich  it 
xiaea  in  thn  uthor,  wilt  iprn  the  whole  hui^'hl  of  the  column 
of  mercury  irhich  balanc<«  tho  ptT«»uro  cxcrtwi  by  tho 
blood ;  thu  v-eifjlit  o[  tlio  blood,  vrlUcli  takes  the  |iIaoe  of 
mCTRurjr  in  tho  ili'iK'tnidin^  brunch,  uud  n-liidi  tx  moro 
'tLan  tea  times  less  than  the  same  quantity  of  qnicksilvar, 
'beiuff  aubtractci].  roinQiiillu  thus  calculated  the  force 
iritJi  which  the  blood  mores  in  an  «rtory,  n(.'carding  to  tho 
,W8  of  hydrostatics,  from  the  diameter  of  the  nrUtrj-,  and 
tbe  bdght  of  tliR  column  of  qmckiiilver ;  that  is  to  saj, 
&om  the  weight  of  a  column  of  mercury,  whoMo  baxc  is  a 
cirdo  of  tlift  same  diameter  oa  the  artery,  and  whoso  height 
ia  equal  to  the  difTereaco  in  flio  IotcIs  of  the  lULTtuiy  in 
the  two  branches  of  the  instrumettt.  H«  found  the  blood'a 
equal  in  all  the  urt«rles  examined;  diSbrence  in 
I,  and  distance  from  tho  licart  boin^  tmnttcndcd  by  an; 
oorreeponding  diOerence  of  force  in  the  circulation.  The 
[Jinight  of  tho  column  of  merc-ut;  dtRjiIaced  by  the  blood 
was  the  same  in  all  the  ortorius  of  tho  mmi)  niiituiil.  Tlin 
!!tneett  of  theee  Tiewa  having  been  questioned,  I'oi- 
Beoillc  has  recently  repented  his  obsorvutiDu-H,  iiud  obtained 
the  «uno  rcsulta. 

I'rom  Umi  moan  roeult  of  several  observations  on  horses 
■nd  dogs,  he  calculated  that  tlic  forro  witii  which  the 
blood  is  moved  iu  any  largo  artery,  is  capable  of  support- 
ling  a  column  of  niervury  six  iuch(^H  and  oiio  and  s  half 
lOa  in  height,  or  a  column  of  water  seven  feet  onu  lino  in 
^loight.  WiUi  thcEfo  results,  the  more  recent  obserroliotia 
of  other  0!H>erimcnters  closely  occonl.  ruiwutlle'»  uxpcri- 
mcuta  bariog  thus  shown  to  bim  that  the  ibrce  ot  thu 
Mood's  motion  ia  tlie  same  in  the  most  different  aiteries, 
he  concluded  that,  to  meafiui'o  the  amount  of  the  blood'ii 
^nteuro  in  any  artery  of  whioh  tiie  CEtlihrc  ia  known,  it  is 
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necessan-  morply  to  mnltliily  tlwi  iiroa  of  a  tniJiitvene  •«■ 
tioii  <if  u  r*'B«il  by  the  Itcight  of  the  colunm  of  miwrnir 
which  is  nli*ady  known  to  Ijo  diipport^d  by  th©  fiace  o( 
the  Llooil  til  any  purt  of  the  luleriij  ^^tom.  Tho  wd^ 
of  a  cnliinm  of  mercury  of  the  dimetuums  UtuB  found,  viU 
represent  the  [irMHunt  cxArtud  hy  thtt  oolunm  of  Uool 
Aiid  asNiiiniiig  tliat  tho  mena  of  th«  greatest  and  tean 
height  of  the  coluinu  of  mtrciuy  found,  hy  experuneatt 
on  (liffnn-nt  iiniiiiiil»,  to  be  Kupported  hy  tho  forco  of  th* 
blood  in  them,  is  equindoDt  to  the  beiffht  of  the  ooluu 
wltich  the  furee  of  tho  hlood  in  tW  human  aorta  ironU 
support,  ho  cnlnilatod  that  nbout  4  lb«.  4  oz.  avoirdupmi 
wotdd  iudicatu  t}ic  Hlutiu  forot!  witli  which  the  hlouj  ii 
imperiled  into  tho  litinton  nortn.  By  tit»  same  calcidAtiw, 
ho  estimated  the  force  of  the  circulattuii  iu  the  aorta  of  111* 
mare  to  bu  nlmut  I  [  Iha.  9  ox.  iivuirdujxiiii :  and  that  in  0» 
rndjftl  artery  at  the  human  wrist  only  4  dre.  We  Iutc 
already  se«n  tliat  the  tutiBLnilar  forvo  of  tlte  ngltt  vcntricli 
ia  cqiin]  to  only  onv  liiill'  tbut  of  tlic  led,  consequently,  if 
I'oisotiillc's  estimate  of  tike  Inltof  be  correct,  the  force  with 
wiiidi  the  blood  is  proj)r<ll«d  into  tho  luugs  will  only  b« 
Mjual  to  2  lbs.  2  ox.  avoirdupois. 

Tlie  anionnta  above  stiiti-d  indipnto  the  pressure  exeifed 
hy  tho  blood  tit  the  sererai  partfi  of  the  arlerittl  cyMmn  at 
tlie  time  of  the  rentriciiliir  rontrncition.  During  the  dib^ 
tation,  this  pressure  is  somewhat  diminished.  Hnkt 
observed,  ihat  the  column  of  blood  in  the  tube  iiiMrtsd 
into  uR  artery,  foils  un  inch,  or  ruthor  more,  after  tttk 
pulse;  Ludwig  has  observed  the  same,  and  recorded  It 
tnore  minutely.  Tlie  pressure  is  nL>o  influenced  by  thi 
various  cireum stances  which  oilect  the  action  of  the  heart; 
the  diminution  or  inereanu  of  tin;  prtfssuru  being  {ap- 
portioned to  tJie  weaker  or  strongt^r  ndion  of  this  0TglB> 
Valentin  obHerred  tliat,  on  incroasiiig;  the  amount  «l 
blood  by  tho  injection  of  a  frpsh  ijiiantity  into  it,  tlu 
jjieefiure  In    the  Teasels    was    also    increased,   while   ■ 
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coDbtiry  effect  ennwd  on    diminJsMng  tho  qtumtity  of 
blood. 

Vtloeiti/  of  lA<  Blood  in  Ihf  Arttriea. 

The  relocilj-  of  tlio  vtniam  of  blood  is  great«r  in  Uu) 
arterie*  than  ■□  any  o(h«r  part  of  the  circulatory  eystem. 
in  tbetn  it  is  grcatc«t  in  tli«  uvigbbuurlkood  of  th« 
Mul  during  ttifi  vt^tricuW  sjstole  ;  tho  rnto  of 
movcqaent  diininishing  during  tlie  diastole  of  the  ven- 
trideo,  luid  tii  the  purtH  of  th«  artorial  ^lein  most  distant 
f)rom  tlio  lienrl.  I-'mm  Wlknuuin's  cxp«nmmlR  with  tho 
hiemodnHaometer,  it  may  bo  oouduiled  that  the  Llood 
movoa  in  the  largo  nrli-rios  near  the  heart  at  the  rate  of 
ubont  tea  or  twelve  inches  per  socond.  ^'ierordt  calcututt.-d 
tho  npiility  of  the  strMUD  at  about  tho  Ktime  rnto  in  tho 
Arteries  near  lh«  beart.  And  at  two  and  a  quarter  inches 
per  second  in  t]i«  turteries  of  Ihu  foot. 


TttB  CAPIttABlBS. 

In  all  organic  t(>xtiirv«,  except  some  parts  of  the  corpora 
OATCnHua  of  the  penis,  and  of  the  uterine  plut<vnta,  nud  of 
tlio  ii^WDt  tha  tnmsmiwiou  of  Hut  blood  from  the  miiiuto 
branches  of  tho  arteries  to  tho  mintito  veins  is  effected 
llirougli  u  nvtwurk  of  mierosoopto  TOsoel^  in  the  meshea 
of  Jshivh  iJie  proper  substance  of  Uie  tisnis  Hos  (6g.  48). 
This  may  bo  seen  in  all  min\itely  injected  preparations ; 
I  «ad  during  lifo,  by  the  aid  of  tbu  micronoaite,  in  any  trans- 
ppwent  vascular  parts, — such  as  tbc  web  of  tho  frog's  foot, 
the  tail  or  external  branclilio  of  the  tadpole,  or  the  wing 
of  the  bat. 

The  ramifications  of  the  minute  nrlorics  form  repeated 

[■IIMlnillHW  with  uavh  other  and  give  off  tlic  capiUariea 

'  vliirli,  by  their  luiiiiftoinoii^,   i-nuiposo  a  continuous  and 

uniform  network,  &om  which  thu  voooua  radicles,  on  the 

bar  bund,  take  thtiir  rise.     I'he  teticuUted  vessels  con- 

^Beoting  the  arteries  nud  veins  are  called  capillary,  on  nc- 
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count  of  their  minute  sue ;  and  intennedUte 
•boDUOt  of  tluiir  poaiUon.    The  ixunt  at  -nrliich  the  azUaim  \ 
tenoiiMte   aud  the   minute  vaat 
oommence,  cannot  be  t.-)uu.tly  d»- 
fined,  for  the  troodtion  ia  gmdwli 
but  the  iateniiedlate  Q«twotk  bu, 
serertfaelew,  thla  peeuliarit;, 
the  Email  ves$«lB  which   ooi 
it    naiutAiu     Uto    eauntt 
tlirmighout ;  th&jr  do  not  «iinii«»* 
in  djamoter  in  one  direction,  Ub 
artcrin    and     Tctzw ;     and    tb 
mmhes  of  the  network  that  Ik^ 
oomi>oee    are    moro    uiitTona  b 
obspo  and  nso  them  thoee  fotmd 
by  the  anastomoMa  of  the  mionM 
urICTit's  and  veins. 

The  etructure  of  the  cap3Itti(> 
ia  much  more  simplu  thiui  thaltf 
tho  artorioaor  TOtna.  Their  vaQi' 
are  composed  of  a  single  layer  of  elongated  or  radial^ 
lluttontid  and  nucleated  cells,  so  joined  and  doTotaiM 
together  ns  to  fi>rin  a  continuouii  trao^nxaDt  memhtana 
(fig.  49).  Out«ide  these  oella,  in  the  larger  <n|ullariai, 
tiiam  ia  a.  structuruloKs,  or  very  fiueJy  fibrillntod  meiiibraili^ 
on  the  iuuor  surfikoe  of  \phich  tlioy  are  laid  down. 

The  dUmetfr  of  the  citi>tllary  vessels  variea  «om«wliatio 
the  difierent  ti-xlurnt  of  tho  body,  tlio  most  oommon  lin 
being  about  nj^'^t^th  of  an  inch.  Among  tito  sniidUnt  mtj 
\>e  metttloued  thuse  of  tliu  bruin,  and  of  the  folUdet 
of  the  mucous  membrane  of  the  intestines;    araong  fiio 


*  n^  48.    Blood-tesnla  of  oa  itito»ttii.il  viUu*.  rtprtMutJDg  ik  . 
amngmnnt  cf  nipillarics  betwoeu  tho  ultimata  vcoooa  aad  attcnil 
Lmouilvs  i  a,  a,  the  oftorioa ;  i,  tha  nlu. 
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arrangement,  a  nagh  capillary  projecting;  iVom  tltc  com- 
mon nnliroTk  into  vovm  \>TOauaant  orgna,  Anil  rvtuming 
K(tor  fitrmitig  on*  or  inoro  loopa^  as  in  the  papiUte  of  Uw 
tongue  and  akin.  Whatever  be  tlie  Ktrm  of  tlio  capiUniy 
itirtworii  in  any  tiwuu  or  organ,  it  iit,  ns  n  ru]p,  found  to 
pi:«Tail  in  the  correapooding  parts  of  oU  animaU. 

Tim  number  of  tlie  captUarieB  and  the  tUe  of  the  mnha 
in  ditferent  portif  d«lcnniue  m  geiieraL  thu  degree  of 
rtueularity  of  tlioee  parts,  'the  parts  in  whidi  tha  net' 
iruvk  of  vapiUarien  !•  ctooeaty  that  U,  in  vkioh  tho  meahos 
intenpaoea  are  tLo  smaUewt,  aro  tho  longs  and  the 
xoanbrasfl  of  tlie  ey«.  In  the  iris  and  ciliary  bodr 
interqwiW  aro  somen-hat  vridur,  jot  vnn,- ttmidl.  In  tho 
liumaa  liver,  the  interepm^s  nro  of  tho  same  sixe,  or  oreu 
smaller  than  tho  cupiUaij-  roaaola  tbemselvos.  In  tho  Iiumaii 
lung  they  are  emallpr  than  thu  V09H0U ;  in  tho  huiuaii 
kidney,  and  in  tlio  kidney  of  the  dog,  the  diameter  of  tlic 
injt:ctod  capiUariea,  <^«mpai«d  iritfa  that  of  the  interspaces, 
is  in  the  ptoportton  of  oua  to  four,  or  of  one  to  three. 
The  Lrain  receives  a  very  larg«  ijuiuitity  of  blood ;  but 
the  capilliiriwi  iu  whiili  the  blood  is  disuibuk-d  througli 
aubatance  are  very  iiiinul<%  and  U-xi  ntimnrous  than  in 
lO  otlivr  parts.      Their  diameter,  accordiDg  to  E.  II. 

'eber,  comparod  with  the  long  diameter  of  tho  mtMhew, 
being  in  Hie  projxirtion  of  ouu  to  eight  or  ton;  oompamd 
'witb  tha  tiBuavL-rse  diameter,  in  the  proportion  of  one  to 
four  or  six.  In  the  uiui-mid  uieiiibrane»— for  ejtample,  in 
Ibo  conjunctiva — and  in  tlie  cutis  vera,  iho  capillary  rcstda 
are  much  lurgut  than  in  the  brdio,  and  tlio  interspaces 
uanower, — nanu^Iy,  not  more  than  three  or  four  timea 
wi<l4ir  i\ma  the  i-esseU.  In  the  periootuuui  tliu  nushoa  ara 
much  Uuger.  In  the  cellular  coat  of  arteries,  the  width 
of  the  meshes  i*  ten  tim(«  thnt  of  tli"  rtiwcJu  (Hwilo). 

It  may  be  held  as  a  general  rule,  that  the  more  active 
the  fuDctiona  of  an  organ  ar«,  the  more  va^tular  it  iti;  that 
is,  th«  closer  U  its  cnpillnr^'  ncttrork  and  tliu  larger  its 
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supply  ot  LInod.  llcnce  tlie  luurowneaa  of  the  intenpam 
ia  till  gUuiilulnr  organs,  ia  muooiu  nKtmln-cUms  koA  a 
grovuig;  paru ;  their  .mucti  greater  widiii  in  booeo,  Jigw 
m«tits,  and  otluir  voiy  tough  and  oomparativdy  tnactin 
tisaua;  and  the  complete  nlKumpe  of  tmsoU  in  cutiUgg^ 
tba  dense  tendoou  of  sdulla,  and  «uch  parts  aa  thon  b 
irhich,  probably,  rory  littlo  organic  chiuigo  occurs  aihr 
tbey  are  onc«  formed.  But  ti»  geDeraX  rule  mint  bt 
modifiod  l>y  lh«i  couiiidoratioii,  that  aome  orgaaa,  nek  m 
the  brain,  though  they  havo  small  and  not  vety  donl; 
arrai^ed  capiUariei^  may  reoeire  large  auppliea  of  Uocd 
by  TDMOR  of  it«  more  rapid  mov«m«nL  When  on  orgu 
has  large  arterial  trunks  and  a  oompaxatively  small  »i{f^ 
of  capillaHw,  tho  moTViueiit  ot  tlio  MixkI  tltrough  it  vfi 
be  ao  quick,  that  it  uuty,  in  a  {^rrn  timo,  receive  aa  mo^ 
fresh  blood  aa  a  mora  vascular  part  with  aimillnr  tmab^ 
though  at  any  gmm  instant  tha  leaa  Tuwulur  part  wilt  hm 
ia  it  a  smaller  quantity  of  blood. 

In  fA«  Circtilation  in  tkt  CayiiUtrin,  as  Mxrn  in  anytra»- 
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ptuviit  part  of  a  linn;t  uidt 
animal  by  nieanti  of  the  mi- 
cToscopo  (Bg.  52),  the  blool 
flows  witli  n  constant  cqtiaUi 
motion,  Iq  vciy  young  oid- 
mals,  tlie  motion,  tl»«|h 
continuous,  is  a<»clcrated  at 
intervala  corrc«pondii^  to 
tlio  piilM  in  the  Iiirgur  ar- 
tcrics,  and  u  similar  mo- 
tion of  the  blood  is  iln 
Been  in  tie  capillaries  of  adult  animaht  when  they 
are  foeble ;  if  Ihcdr  exhaustion  is  m  great  that  the 
poircr  of  the  heart  is  still  more  diminlahed,  the  red  aa- 
poscles  are  cbaerred  to  have  merely  the  poriodio  motion, 

*  Fi^  51.  CapUkrles  iu  tli«  neb  of  Uie  Sraga  fool  uagnlaad. 
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Mnd  to  ramain  stAtionarr  iu   the  tnterrals;  while,  if  tlio 

il«liilily  of  the  aniiiiul  i.i  nxtrcioc,  tliuy  <iv(!n   nx^u  Hom»- 

rbnt  ttAat  Mch  impulso,  appaieatly  because  of  the  eta«ta- 

a.tjr  of  tbft  captUaries,  and  t!i«  Imiios  arouad  them.   Tlicaa 

iota    mnj   bn   addud    to    tliOM  already   adranuod 

132)  to  pTov«  tbat,  oTipn  in  Iho  ststd  of  gieM  debility, 

I  ao^aii  of    Iha  heart  is  aulBcieat  to  inigiol  the  blood 

;h  th«  capillary  TesscU.      Monravdr,   Dr.  Marshall 

haTing  placed  the  pectoral  fin  of  aa  eel  in  the  field  of 

lie  microdcopo  and  conipTuwod  it  by  the  weight  of  n  hoavy 

obe,  obserrod  that  the  moT«mant  of  tlie  blood   in  the 

ffiapillariea  became  obvioiialy  jiulsatory,  the  iiulsations  beiug 

•ymJiruiiouA  with  tlio  ra>nlriittioiii*  of  the  vwitricle.     The 

itoiy  motion  of  ihe  blood  in  the  capillaries  cannot  be 

lattributed  to  an  action  in  thi.-eto  vessels;    for,   when   the 

[animal  i»  traDi|uU,  they  present  not  the  elightost  change  in 

I  their  diameter. 

It  ia  ia  tlw  capillnriuN,  that  the  ohiuf  resifttanra  11  oJTorod 

tbo  pTOgrota  of  tho  blood ;  Ibr  in  th«m  the  triclion  of 

I  blood  is  greatly  increased  by  the  enormous  muluidi- 

icntion  of  the  niirfiuiu  with  which  it  is  brought  in  <xiiitart. 

I  Telocity  of  the  blood  is  also  in  them  reduced  to  its 

luu,  because  of  the  widening  of  the  ittream.     If,  aa 

'  Mullt^r  .■ays,  thu  Geciiiiuul  ar«ia  of  all  the  branohea 

a  vessel  united   were  ulways  tlio  some  as  that  of  the 

liom  which  they  arise,   and  if  the  aggregate  aao- 

area  of  the  capillar^'  resscU  were  «<qun1  to  that  of 

aorta,  the  mean  rapidity  of  the  blood's  motion  in  the 

ipillarioa  would  bo  tlie  same  aa  iu  the  aorta  and  largwit 

ries  i  and  if  a  similar  correspondence  of  capacity  existed 

the  Toina  and  arliMive,  tliure  would  be  an  eiiual  cor- 

adence  in  tho  rapii^^  of  tJio  circiiliition  in  Uiem.     It 

{a  quite  true,  that  the  force  with  which  tho  blood  is  pro- 

PpcUed  in  tlui  artoriea,  aa  shown  by  the  quantity  of  blood 

which  escapes  from  thorn  in  a  crrlatii  Kpaiw  of  time,  is 

kgre«Ier   tlmu   that  with  which   it  moves  in   the  veins; 
, : 
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but  this  force  has  to  ororcomo  all  tlie  PMintanee  otEeuA  it 
the  arterial  and  otpiUary  sfstem — tha  hwurt  itwJf,  todtM. 
must  avercioniD  this  naistance;  so   that  tlia  excen  ottfai 
forao  of  Om  Uood's  mo^oa  in  Hia  nrt«rios  b  axpendd  Ja  \ 
OYtxcomiag  this  rmtstuwo,  and  the  rapidity  of  the  ma- 
Litioii  in  tlio  uriOTiM,  tma  from  the  oonuncnoement  of  tin 
aorta,  n-ould  be  the  same  as  in  the  veins  imd  capillnriec,  if ' 
the  aggn^ta  capacitj-  of  each  of   tho  three  aysteou  «f  \ 
TMsels  were  the  same. 

But  sinoe  the  abrogate  sectional  area  of  the  bnuutehj 
greuttfr  tliaii  that  of  tho  trunk  from  which  tliu^  ansa,  thi 
rapidity  of  the  blood's  motion  will  neoossartly  be  gnaki  ■ 
in  the  trunk,  and  will  diminiah  iu  jiroportioa  n  tb* 
oggrogute  <-u[i[U'ity  of  the  Tsmda  incToaaow  during  (bar 
ramilicntlon :  in  Uu>  same  manoer  as,  other  things  besg 
equal,  tha  velocity  of  a  stream  dimini»bcM  lu  it  widms. 

Tho  observations  of  Hnlc*,  R.  11.  Weber,  and  Valiwia. 
agree  very  doeely  as  to  ilie  rate  of  the  blood  in  the  oaji- 
laries  of  the  frog :  and  tliu  mean  of  thoir  eetimtttea  gim 
the  velocity  of  the  systemic  rapillnry  circulation  at  abni 
one  inch  per  minute.  Tlirouifh  the  pulmonic  capiUarim 
tli<i  rnto  of  motion,  nooording  to  Hide:*,  is  about  five  lilMt 
that  through  the  systemic  oum.  llie  voiucity  ia  tb 
capillaries  of  waim>hloodtid  auiniaU  im  groater,  but  hit 
not  yet  been  accurately  estimated.  If  it  be  asmuned  to  k  ' 
thieo  times  as  great  as  !u  the  &og,  still  tho  estimate  nq 
Mom  torj  low,  and  inconsi«t«Qt  with  tlio  facts,  which  Atm 
that  tho  whole  circulation  ia  accomiiUahod  in  about  ■ 
miniito.  But  the  tvholu  length  of  ciipilliiiy  vessels,  thrn^^ 
which  nny  g!v<in  portioa  of  blood  tuts  to  pass,  probaUj 
does  not  esoeeed  ^'^th  of  an  inch ;  and  tlinrefore  the  tin* 
roqiiirvd  for  «u!h  ijnonlity  of  blood  to  travexse  its  own 
appointed  portion  of  tho  general  capillary  system  will 
scarody  amount  to  a  second :  while  iu  tho  pulmonic  Ga|iit  i 
hoy  system  tlko  length  of  timo  required  will  bo  much  W I 
even  than  this. 
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llw  aetimafee  siren  above  are  dnvo  from  obsemtiotu 

^of  the  movaniaitaor  tlie  red  Uuoi'CorpoaclM,  which  mow 

t  the  omtn  oi  the  alream.     At  the  cUnumfetenoe  of  the 

iBtRom,  in  contact  with  tho  n-alla  of  the  x-ouMit,  and  ndhoring 

[4o  thorn,  th«ro  is  a  Uyer  of  ll'juor  moguitiis  which  appear* 

I  be  motiooleSB.     The  existence  of  this  itUl  lagtr,  aa  it  ia 

],  is  inferred  both  from  ttu!  geDoral  fuct  tluit  soch  an 

exists  in  all  fine  tubes  travenod  hy  duid,  and  ftom 

^what  Mn  bti  musa  in  watching  the  movements  of  tlie  blood- 

|corpQscles.     The  r«d  corpusdos  occupy  the  middle  of  the 

im  and  more  with  comparative  rapidity ;  the  colourleot 

Dph-eorpuscles  run  much  more  iilowly  bj  the  walls  of 

I  veasel ;  while  next  to  the  wall  there  is  often  a  tnms- 

[jMrent  spoice  in  which  the  fluid  appears  to  be  at  mtt;  for 

'  if  any  of  the  dorpusclos  happen  to  bo  Ebicod  witliin  it,  they 

more  more  slowly  than  befiwe,  rolling  huily  olonf;  the  side 

tof  tho  vusnel,  and  ofloii  adhering  to  ttd  wall.     Port  of  thii 

rdk>w  movement  of  the  pale  corpuscUw  and  their  occastooal 

laloppage  nay  be  due,  as  E.  U.  Weber  baa  su^ested,  to 

Itbeir  having  a  natural  tendency  to  adhrro  to  th<!  walls  of 

jthe  vobmJs.     Sometimes,  indeed,  when  the  motion  of  the 

ll>lood  in  not  Ktrouf;,    many  of  the  white  corjiiuiclea  oollect 

,  in  a  capillary  vmwI,  jikI  for  a  time  cntiroly  preveut  the 

passage  of  the  red  corpuscles.     liut  there  is  no  doubt  that 

Mich  u  atill  layer  of  liquor  sangoinis  exists  next  the  walls 

of  tbo  tosmIs,  and  it  is  betwoeu  this  and  the  tliuHMM  urouud 

th«  mi  mill  that  those  iutercbanges  of  particlea  take  place 

whidi  ensue  in  nutrition,  secretion,  and  absorption  by  the 

blood-veaaels ;    interrbangtvi  whi<^!i  lav  probably  tncilitatctl 

by  the  tranquillity  uf  the  tluids  betweeu  which  they  are 

oOectod. 

Until  within  the  laat  bw  yoon  it  has  been  geanally 
supposed  that  tlii!  oeoirrenoe  of  any  transudatioD  bom  the 
interior  of  the  capillurictt  into  the  midst  of  the  suirouudint; 
tisHuca  was  confined,  in  the  absonoo  of  injury,  Mtrictly  to  the 
fluid  part  of  the  blood ;  in  other  words,  ttwt  the  corpuscles 

M  i 
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eould  not  eecape  from  tlie  dmiLitu]^  stream,  tmlevtlw 
wall  of  th«  <'(nit4uiung  blood-TMs^l  were  ruptnrwl.     It 
tntc  that  an  Ka)>liAli  physiologiM,   Or.   Augustus   WoUcr, 
nfKnncd  in  1S46,  ttuit  lio  had  wMn  blotMl-tiorpuKlea,  bodi 
red  and  white,  paaa  bodily  thnmgh  the  wall  of  Um  tx^Saif 
vetaol  in  irhicli  they  were  cootaiDed ;  aiul  that,  as  aoopauag 
ooutd  be  MNia  b«£>re  their  cwaiw,  no  no&n  (Tuuld  Iw  obeomj 
aftorwards^^o  rapidly  was  tho  part  healed.      Bat  these  <ib> 
Krvattoas  did  not  attract  much  notice  until  the  i>I>eaoai|^ 
of  «ecni>o  of  tlio  blood>cor|iiuiclea  firom  tho  cspiilaticn^H 
minute  veins,  npart  &om  mecbanical  injury,  vaa  nS» 
eerered  b;  Profuisar  Cohnheim  in  1 867. 

ProEBBBorCohnhmni's  experiment  demonfilratuig^  tliejias- 
Oge  of  tho  corpuiK-lcN  tltn>U|i^h  tho  wnll  of  the  blood-TWBci, 
is  performed  in  the  following  manner.  A  tmg  ia  ctiranad, 
that  Is  to  Hay,  paralyais  ia  pTodu<»d  by  injecting;  ander  lie 
nkin  a  imnuto  quantity  ot  the  poison  called  curan ;  nd 
the  abdomen  barinf^  been  opened,  a  portion  of  nnall  i^ 
ttistino  in  drawn  out,  and  itit  truwpai«nt  mesentery  spnti 
out  under  a  microBcope.  jUler  a  rariable  time,  occupi«d 
tiy  dilutntiijii,  (uLlowiii^  contructioii,  of  tho  minnte  tiiI"!^ 
and  act'umpnnyiog  quickoning  of  the  blood>atnwn,  then 
ensues  a  retardation  of  the  current ;  tuid  blnod-corposckl, 
both  rt^il  luitl  while,  liegin  to  nialto  their  way  through  iha 
capilljirioit  utid  email  Teiofl.  The  process  of  extrusion  of 
tho  white  corpuscles  is  tliua  deMtxilnMl  by  Dr.  Burdoc  Sui- 
denon,  and  tlie  pii^sAge  of  the  rod  corpuscles  occurs  nflv 
muth  the  same  fnshion. 

"  Siraullaneously  with  tlic  retardation,  the  leneocTltt^ 
instead  of  loitering  h^ro  and  there  at  the  edfpi  of  tho  axial 
current,  begin  to  crowd  in  numbers  aKniust  tlic  vascular  waD, 
aa  was  long  ago  de«Tilicd  by  l>r.  Williams.  In  this  war 
the  vein  becomes  lined  with  a  continuous  pavoment  of  tlwo 
bodies,  whidi  remain  aliuoit  molionlcM,  notwitlistandtog 
that  the  axial  current  eweeps  by  them  as  oontinuouaty  at 
belbre,  though  with  abated  velocity.     Now  is  the  momosl 
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[  at  whusii  tbe  eye  must  be  &xpd  n»  the  oiiUir  ccnteur  of  th« 

'  Twel,  from  irliich  (to  quota  Profenor  CobDheim's  vortU) 

[liero  And  there  minute,  colouriew,  l>uttoD-«liaped  deratiaBa 

81>rinf;,  juNt  aa  if  tlmy  were  pimluoed  hy  budding  ont  of  tlw 

'  -wall  of  the  veaael  itself.      The  buds  increase  (irradually  and 

I  slowly  in  Bin,  until  eadh  namtmtut  the  fnrut  of  a  hviniapberiiitl 

imijectian,  of  widtli  oarn-jiponding  to  tbnt  of  a   li'ucvicrtQ. 

.  £r«otunllj'  tho  liomisphora  is  coiiTertod  into  a  pcar-shapmt 

body,  the  amall  eiid  of  wluch  is  HttU  iilttu:hi»l  to  tbe  aurface 

«f  thn  vein,  vkilo  the  round  pnit  proj«4a  frwlv.     tiradii- 

.kUy  the  littk  mass  of  protoplasm  mnores  itaeJf  Airtber  and 

ifiirthar  Awfty,  and,  lu  it  doee  »o,  bnginii  to  shoot  ont  di>licate 

'  prongs  of  tntnsparent  protoplasm  tVom  its  eurfare,  in  do> 

wise  diifi^riug  in  tht'ir  asjiect  from  ttie  ftleiidor  thread  by 

wltich  it  i»  itill  moor«d  to  tho  TomeL     Finally  tlu)  tlirend 

lis  aarered,  and  the  ]iroceaa  ia  «omplole.    The  observer  has 

batbire  him  an  emigrant  Icucocyto,  which  in  all  apjtreciable 

reR|i«ct«  reaemblos  thoeo  which  have  been  already  deecribed 

in  the  s'lueous  humour  of  the  inflame<d  tsye." 

^'aric>iIS  (txplnnntion*  of  tli<wo  rcmarlcnblo  phonomona 
have  been  suggested.  Probably  the  nearest  to  the  truth 
ei«  thoMi  wliiuh  utlribiilv  the  i-hivf  -ihure  in  the  proceaa  to 
the  vital  ondovmonts  with  nwpo^  to  mobility  and  oontrac- 
i  lUitf  of  the  parts  oonooraed — both  of  the  corpuscle* 
(Unstijin)  tuidtliu  vapilbry  widl  (StrirlcOT).  Dr.  Suiiderxon 
remarks.  "  the  capillary  is  nota  dead  conduit,  hut  «  tube  of 
liviujir  protoplaam.  Tliere  ia  no  difficult  in  understanding 
I  liow  the  mi^ml)rnne  may  opi-n  to  nllow  the  Mca|ia  of  Wco- 
eytea,  and  cIo«e  again  after  they  have  pae»«d  out ;  for  it  is 
ODo  of  the  moot  Mtriking  pi^ciiliaritieH  of  contnictilo  xnliatamoe 
that  when  two  parts  of  the  same  moss  aro  sejtnratcd,  and 
again  brought  into  contact,  thej  melt  together  as  if  th«7 
ha"!  not  Imxti  pijovwcii." 

Hitherto,  the  escape  of  the  corpuscles  from  tlie  interior 
of  the  blood-veaaels  into  tlie  aurroundiug  tiasuM  has  bona 
atadied  chiofly  in  cotmcclioa  with  pathology.     But  it  ts  iui< 


l66 


THE  CIECTTTjITION. 


pomiblff  (o  wiy,  at  pnwoDt,  to  irliat  dc^fte*  the  durovnf 
may  not  iai1ueu<:«  all  preeent  notions  rognnUug  the  nntii- 
tion  of  th«  tioHUM,  even  m  li^alth. 

Hie  GiRtUatioD  through  tho  cnpiIInrio»  muHt,  of  oeatmXj, 
be  largely  iDflueoced  by  that  KhicL  oct^ura  in  the  vnmdt  <■ 
vlther  ludo  of  th«in— in  tb«  artcriu  or  the  veina ;  their  ia- 
t«rniediat«  position  oauAng  them  to  ft<cl  at  onro,  eo  to  ipttk, 
any  alteration  in  the  uxe  or  rat«  of  the  lutertal  or  veBoa 
blooil  -  stntam.  Tliiis,  tlio  apporcnt  cnntraction  of  lb 
oapillaries,  on  the  spplicAtiou  t^  certain  irritatii^  nl>- 
stancea,  atid  during  fisor,  aud  their  ditututiou  in  bltuUiif^ 
may  ha  rvfurrfd  to  tho  action  of  the  mnnll  arteries,  rathir 
ihui  to  tliat  of  the  capillaries  themselTea.  But  largdf  M 
tba  OBpillariea  arc  influi'ui:<!d  by  thvM,  and  by  the  «■• 
ilitioDs  of  the  parts  which  surround  and  aujiport  ttii% 
iheir  own  eodoii'iiieDts  utut  not  bo  dLtn^iirdiMl.  Thij 
must  bti  lookixl  upon,  not  as  niero  {»asaive  canals  fcr 
tho  passage  of  blood,  but  aa  poaseeainf;  endownwinU  at 
their  own.  In  relation  to  tlie  circulation.  The  capilki; 
wall  it,  according  to  Strieker,  actively  living^  and  «» 
tractile ;  and  there  ia  no  reason  to  doubt  tlutt.  aa  bocIi,  it 
munt  havr  an  tinportitnt  iiillucucB  in  connection  with  Ihit 
autritivo  exchange  which  goes  on  vithout  r  rMtntimi  b*- 
tween  the  blood  within  and  the  tiasuea  outm<lo  the  capillaiT 
Toesol  i  a  prucvMi  whuh,  under  the  name  of  vital  capiUnj 
force,  haa  long  been  reooguiaed  as  one  of  tho  me<ana  to- 
(^rntnl  in  th«  I'irculutiou  of  Hut  blood. 

I'he  results  uf  morbid  lutbu,  as  well  as  the  pheuonienacf 
health,  strongly  support  the  uotion  of  tho  exiateiue  it 
this  so-called  vital  cajiiltaTy  Attraction  between  Ik 
blood  and  the  tissues.  For  example,  when  the  aecMl 
of  oxygen  to  the  lungs  ia  prevented,  the  cdtvulatka 
through  the  pulmonic  ciipillnries  is  gradually  retenlKl,  tbe 
blood- corpuscles  cluster  together,  and  their  movemcot  b 
eventually  almost  arrested,  even  while  the  action  of  Ux 
heart  COB tinuea.     luiu^-nxtmi.i.w\t,  alsa,  tho  CBpiUarie*  of 
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an  iadanMd  part  an  salarged  and  distended  willi  blood, 

whicJt  cither  mom«  very  alowlf  or  is  i^nnplrtnly  at  rest.    In 

bodi  these  case«  th«  phenomena  are  looat,  and  independcoit 

of  the  Botiou  of  t)i«  tionrt,  and  nppoar  ti>  mniilt  frotn  mdu) 

oltenttiuu  in  tho  blood,  which  increases  the  adheejon  of  its 

[putu^  to  one  another,  and  to  the  walla  of  the  capiUaries, 

I  to  im  amount  vhicli  tlw  iiropoUing  action  of  tliu  faoort  is 

I  not  able  to  orvrcome. 

It  may  be  concluded  then,  that  tlio  cnjiillaries,  which  are 
torated  of  a  simplo  cvUular  membrane,  con  of  thcmmlvos 
exaicim  no  such  direct  inflaemoe  on  the  movement  of  their 
oontanta  aa  to  bit  ut  idl  uimpiirub]"  in  dogroo  t*)  tluit  whi<'h 
is  ex«rd«od  by  tho  arteries  or  reins :  jet  that  the  constant 
interchange  of  relations  betwoen  tho  bh>od  witHn  and  the 
tiasae*  outside  thiwo  rrsHoIs  doos  in  some  moosore  facilitalo 
th«  iDOT«m«nt  of  blood  through  the  capillair  ^stem,  and 
constitole  one  of  tlte  assistaitt  forooit  of  tho  circuhition. 


THB  TBUtS. 

In  ttrvtiuTt  thu  coats  of  reins  bonr  a  guncrol  roBVnblnm 
to  thueo  of  arteries.  Thu^  thej  poeseea  on  oultr,  middle, 
and  itiUnuil  oottt.  Tho  aul^r  coat  is  oonstnutcd  of  areolar 
tiasuo  liJco  that  of  the  artori«,  but  is  thicker.  In  some  veins 
it  oontaina  muscular  fibro-cells. 

The  mUdU  coat  is  oonsidorabl;  thinner  than  that  of  the 
arteries  ;  and,  although  it  coutaios  circular  unstriped  mus- 
cular fdims  (ir  fibre-cells,  tliese  are  mingled  with  u  larger 
proportion  of  yellow  elastic  and  whito  fibrous  tissue.  In 
the  large  veins  ueur  the  heart,  namely,  tlie  vmiie  caFa  and 
pulmonary  voins,  the  middle  coat  is  repliu^ed,  for  soma 
[i^taoice  from  the  heart,  by  circularly  arranged  striped 
muscular  fibres,  continuous  with  those  of  tlio  aurii^lus. 

The  inlernal  coat  of  veins  is  lees  brittle  thou  the  corro- 
Bponding  coat  of  an  artaiy,  but  in  other  respects  resemblee 
it  doKtly. 

The  chief  inlluencv  whidi  the  veins  have  in  the  circula- 
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tion,  IB  effected  ^th  the  help  of  the  valvei,  which  are  placed 
in  all  veina  aubject  to  local  pressure  from  the  musclea 
between  or  near  wHch  they  run.  The  general  construction 
of  these  valves  is  similar  to  that  of  the  semilunar  valves  of 
the  aorta  and  pulmonaiy  artery,  already  described  (p.  Io8) ; 
but  their  &ee  margiuB  are  turned  in  the  opposite  direction, 
i.B.  towards  the  heart,  so  as  to  stop  any  movement  of  blood 
backward  in  the  veins.  They  are  commonly  placed  in  pairs, 
at  various  distances  in  different  veins,  but  almost  uniformly 
in  each  (fig.  53).  In  the  emaller  veins,  single  valves  are 
often  met  with ;  and  three  or  four  are  sometimes  placed 
together,  or  near  one  another,  in  the  largest  veins,  sut^  as 
the  subclavian,  and  at  their  junction  with  the  jugular  veins. 

The  valves  are  semi- 
lunar; the  unattached 
edge  being  in  some 
examples  concave,  in 
others  straight.  They 
are  composed  of  inex< 
tensile  fibrous  tissue, 
and  are  covered  with 
epithelium  like  that 
lining  the  veins. 
During  the  period  of 
their  inaction,  when 
the  venous  blood  is  [flowing  in  its  proper  direction,  they 
lie  by  the  sides  of  the  veins  j  but  when  in  action,  they  dose 
together  like  the  valves  of  the  arteries,  and  ofier  a  com- 
plete barrier  to  any  backward  movement  of  the  blood  (figs- 

54  ai">  SS)- 

Valves  are  not  equally  numerous  in  all  veins,  and  in 


fig.  53.  Diflgrains  showing  Talvos  of  veina.  A.  Part  of  a  vein  liid 
op«n  anil  spread  out,  with  two  pairs  of  valves.  B.  longitudinal  section 
of  a  vein,  Hbawiug  tlie  apposition  of  the  edges  of  tbe  valves  in  their 
closeil  statp.  C.  Partion  of  a  distended  vein,  exhibiting  a  eireUing  in 
tho  aituatioQ  of  a  pair  of  valves. 
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itianT  llify  av  fi'i-oiit  ,'Lltiif;cth(T,  'I'luv  ai'i"'  5iii"i-t  7iiiini'roiis 
iu  tlie  veins  of  the  exli'emities,  and  more  so  iu  those  of  the 
leg  than  the  arm.  They  are  commonly  absent  in  veina  of 
less  than  a  line  in  diameter,  and,  as  a  general  rule,  there 
are  few  or  none  in  those  which  are  not  subject  to  muscular 
pressure.  Among  those  veins  which  have  no  valves  may  be 
mentioned  the  superior  and  inferior  vena  cava,  the  trunk 
and  branches  of  the  portal  vein,  the  hepatic  and  renal 
veins,  and  the  pulmonary  veins ;  those  in  the  interior 
of  the  cranium  and  vertebral  column,  those  of  the  bones, 
■nd  the  trunk  and  branches  of  the  umbilical  vein  are  also 
destitute  of  valves. 

The  principal  obstacle  to  the  circulation  is  already  over- 
come when  the  blood  has  traversed  the  capillaries  ;  and  the 
force  of  the  heart  which  is  not  yet  consumed,  is  sufficient 
to  complete  its  passage  through  the  veins,  in  nvhich  the 
obstructions  to  its  movement  are  very  slight.  For  the  for- 
midable obstacle  supposed  to  be  presented  by  the  gravita- 
tion of  the  blood,  has  no  real  existence,  since  the  pressure 
«xemsed  by  the  column  of  blood  in  the  arteries,  will  be 
always  sufficient  to  support  a  column  of  venous  blood  of  the 
same  height  as  itself :  the  two  columns  mutually  balancing 
each  other.  Indeed,  so  long  as  both  arteries  and  veins  con- 
tain continuous  columns  of  blood,  the  force  of  gravitation, 
whatever  be  the  position  of  the  body,  can  have  no  power  to 
move  or  resist  the  motion  of  any  part  of  the  blood  in  any 
direction.  The  lowest  blood-vessels  have,  of  course,  to  bear 
the  greatest  amount  of  pressure ;  the  pressure  on  each  part 
being  directly  proportionate  to  the  height  of  the  column  of 
blood  above  it :  hence  their  liability  to  disteusion.  But 
tliis  pressure  beats  equally  on  both  arteries  and  veins,  and 
cannot  either  move,  or  resist  the  motion  of,  the  fluid  they 
contain,  so  long  as  the  columns  of  fluid  are  of  equal  height 
in  both,  and  continuous.  Their  condition  may,  in  this  respect, 
1m  compared  with  that  of  a  double  bent  tube,  full  of  fluid, 
held  vertically ;  whatever  be  the  height  and  gravitation  of 
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th»  colmona  of  fluid,  neiUier  of  them  can  more  of  ita  on 
weight,  cadi  }mng  Huiiportcd  liy  the  other ;  3r«t  the  i«M 
pnosure  on  the  top  of  eithur  column  will  lift  up  the  tiiha: 
BO,  wh«n  tie  hody  U  ewct,  the  least  preesnru  on  the  oulna 
of  u1«ri£l  blood  may  lift  up  the  venoas  blood,  and,  «m 
it  not  for  tlie  ta1tc«,  tlin  ImikI  prcnuro  on  the  venooa  nd^ 
lift  up  the  artetiat  column. 

In  cxiierimcntN  to  dct^Trmino  what  proportioD  of  the  fiM 
of  the  Icfl  ventricle  remains  to  propel  the  hhiod  in  the  ita^ 
Valentin  found  that  the  preasure  of  tJie  blood  in  th«  jag^s 
Teiu  of  a  dog,  as  oatiinatoil  bj  th«  lumnndfiuunonuitw,  £i 
not  nmoiint  to  mon  than  -,^  or  -^  (^  that  in  tbo  cmtf 
artery  of  the  same  animal ;  and  thia  estimate  is  coaEmA 
in  tlib  iiiiitiuiMM  of  M>v4irul  other  artcriea  ituil  their  war 
Bjionding  veins,  by  Mogk.  In  the  upper  part  of  the  ialna 
vena  cava,  Valentin  could  ecarcdy  det«et  the  eauaUaad 
any  pri'iuun*,  nt'itrly  the  «'lu>le  furtw  hm^ivi^  from  tfaabon 
having  beeD,  apparently,  consumed  during  the  p«a8m<l 
the  blood  through  tl)<:  capillaries.  But  slight  as  tfaii  ih 
naining  force  might  bo  (and  the  experimeut  in  iiiAk  i 
iraa  esliumtod  vi<iuld  rcdu4«  the  force  of  tht<  heart  htltn 
i<«  natural  standard),  it  would  bo  enough  to  conpltft 
the  circulation  of  the  blood;  for,  as  alreudy  statwl,  it 
•pontjuicuua  dilntatiuu  of  the  aundes  aud  vi;iitricles,lluiiigk 
it  ma;  not  be  forcible  enough  to  asaist  the  uiovetuotf  J 
blood  into  them,  ia  adapted  toofler  to  that  tnoreuinln 
Obatadfl. 

Very  effectual  OMistanco  to  the  flow  of  blood  in  the  win 
is  afforded  hy  the  aelion  of  th«  mtuele*  ca]>ublo  of 
on  ftuch  veins  as  have  vulvcs. 

The  ffffct  of  mwculuT  pressure  on  such  Teina  may  be  lln 
explained.  When  pressure  iBapjdied  toonypart  ofa  wie. 
and  tlic  current  of  blood  in  it  is  obstructed,  thu  pottiMi 
bebiud  the  seat  of  pressure  becomes  sw(^«a  asA  dittw*^ 
as  far  bock  as  to  tlie  next  pair  of  vulvM.  These,  acting  like 
the  arterial  valves,  and  being,  like  them,  inextoasilo  hatha 
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riliemMlTM  and  at  tb«ir  nuir^a  of  attachnwnt,  do  not 
LfoUow  tho  Tela  in  its  disiension.  but  fire  drnwn  out  towaids 
tthe  axis  of  (ii«  canal.  Tbco,  if  the  prCMure  oontinaM  on 
[tho  vrin,  tho  romprcr^wiJ  Vilood,  teniling  to  move  wjually  in 
.  directions,  presses  tlie  valves  duwu  inio  contact  ut  tLeir 
!  edpM,  uDil  they  domt  the  vum  and  prc\-ent  re^rgit«> 
.  of  tho  Uood.  Thus,  wbatevc<r  force  in  exerciaed  by 
I  preesuro  of  tbo  muscles  ou  llie  veins,  is  distributod  partly 
.  pmuDg  tho  blood  onwnrda  in  tho  proper  course  of  tho 
ktion,  and  partly  in  pressing  it  backvacda  and  oloung 
I  nlvM  behiiul. 

Tho  circulation  might  loso  as  madt  w  it  gnioH  1)y  aucb 
^oonprewon  of  the  veJus,  if  it  were  not  for  the  numi^rous 
1  wwtamosos  by  which  th^  conunuiiioutc,  one  with  another  i 


«».  s+^' 


«?■  55  + 


M    for  through  these,  the  closing  up  of  the  rcnous  cliannd  by 
H  the  backward  prc^uiv  is  prevented  from  being  any  serious 


•  Ftg.  54.    Vi-in  with  valvos  opn  (Diilton). 

t  Fij^  55.     Vfin  trith  rulrts  cIuwhI  ;  iitieam  of  liWI  pnraitig  off  by 

latotnL  flmimd  (Daltonl. 


172 


THE  CIBtTOATION. 


hindrance  to  the  dronlatton,  eioee  ihft  blootl.  of  wbtdi  tbt 
onvunl  (wirm  ■■  niTeMcd  hj  tlic  closed  valres,  nm  U  mn 
{Mtss  UtronghMiniAaiiattonioeitigchAtLDtil,  fuiil  pPHnadaaia 
v»y  hy  another  vein  (figs.  54  and  55).  Tkua,  llieTeibTCtb 
ejibct  of  muM-tilnr  prr««itr«  upon  rains  wliicli  luiv«  nlvn,  ii 
tnraei:!  alinoet  entirely  to  the  advantagre  of  the  chcolMis; 
du>  pn^wnim  af  the  blood  cmwanls  in  nil  ndvantafcMMllt  mi 
Um  pTWSUro  of  tfa«  blood  backwards  is  proventwd  from  bcof 
a  liindranco  by  Ihe  cluniro  of  tliu  ralv«a  and  the  imnritimniiw 
of  tho  Toin*. 

Th«  eGtects  of  such  muscular  preaaore  are  veil  shown  tf 
tho  nccftlcrntion  of  tlin  Ktrc^am  of  blood  vrhoii,  in  vraecc- 
lioD,  the  iuiiscli>8  of  tho  forei-arm  ttre  put  ia  action,  sad  if 
the  general  uixieleraliou  of  the  circulation  during  adbc 
exwcise ;  and  tlte  oumcrou*  nioTumciif«  which  an  a» 
tinuallj  taking  place  in  Uie  body  irhila  awake,  thmi^ 
their  (iinj^Iu  oflix't'i  niaj  be  lota  ittrikiug,  rnunt  bo  an  in- 
portant  auxiliary  to  the  Vduoua  drculntion.  Vet  ibifr 
ore  not  caaeutial;  for  the  renoiu  circulalton  cOBthMi 
luumpnirtNl  in  porta  at  mxt,  in  paridj-ecd  liinba,  utj  a 
l>art«  iu  which  tho  veius  uru  not  subjvct  to  auj  vuaaiB 
pireeBure, 

ItcKidea  the  aa&iatanoe  thoa  nffinded  bj  nnacnlnrpTMHi 
to  tho  morement  of  blood  along  reins  poaoonnod  of  TabMi 
it  has  been  discoreted  by  >[r.  \\'hartoD  Joiiea  that.  Is  & 
mib  of  the  bat'n  wing,  l>iu  vr-ina  are  fMitiishod  with  nhm, 
and  poesess  the  remarkable  proporty  of  rhytluoical 
lion  and  a  dilatation,  whereby  the  current  of  blood 
them  in  diottnctly  accctleraliNl.  The  ooDbMottoo 
on  an  average,  nljout  ten  times  in  a  tnillute;  tho  existanM 
of  valves  preventing  regtu^tation,  the  ontiro  effect  of  Ih* 
contractioDs  vms  auxilinry  to  the  onn-ard  nirreDt  of  blood. 
Analogous  phcDomona  have  bceu  now  f^c^uvntly  obeeml 
in  other  animals. 
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AytnU  eotK^nud  in  tht  drttdation  0/  tlit  Btood. 

The  «g«nts  concerned  in  the  drculstion  of  the  blood 
rhich   hATi>  bocD  uuvr   (Uacribod,  maj  Im>   thus  enum«- 


I.  The  action  of  thn  hcuut  nnd  of  the  ulertea. 

3.  The  vital    capiU&i?   force  oMrcised   in  the  capU* 

3.  The  pomible  slight  action   of  the  moacular  coat  of 
eiiw;  and,  much  more,  tho  contivctioo  of  miucles  capable 
'  ncting  on  veina  provided  with  volvos. 
It  remaics  only  to  consider  (4]  the  influoiu^c  of  the  ro«pi- 
[ratory  moveincniA  oo  tho  citiQul&tioiL 

Althoogh  the  continuance  <rf  the  reepinttorjr  movomoQta 
lla  CMontiAl  to  the  divulation  of  tlio  Mood,  and  although 
[their  oeasalion  is  fuUowed,  within  a  very  few  miuuteSr  bgr 
^tliat  of  the  heart'fl  nctioo  alao,  yet  tlieir '  direct  mechanical 
SseDce  on  the  movement  of  the  curront  of  blood  is  pro- 
ably,  uiidur  ordinnr}-  riniumiitiineea,  but  eJiglit.  The  effect 
I  «f  ■expiration  in  increasing  tho  jircMur^!  of  the  l)Iood  in  the 
|arferMs  b  minutely  illustrated  bj  the  experiments  of  Ludwig. 
It  acta  OS  the  pr«--ssur«)  of  oontructing  muftdee  does  upon  the 
and  ia  advantageous  to  the  onward  movcint^nt  of 
FKrtairial  bloo«I,  iiituimuoh  uA  all  movement  Lackwarda  into  the 
Lthe  heart,  which  would  oth(?rwiM>  UM-tir  at  tlieaame  moment 
■And  from  the  aaine  cauao,  is  prevented  by  the  force  of  the 
joawiud  •tn'om  of  Mood  from  tbu  coatrocling  ventricle,  and 
[ia  the  intervals  of  this  ooutractioD  by  thu  cKmuru  of  the 
l«cmUuiiur  vnlvnt.  I'luhir  ordiuarj-  circumstances,  and  with 
free  iMMsage  through  tho  CApillarioH  nf  tho  lungs,  th« 
of  expimtion  on  the  «tr«am  of  blood  in  tho  vtini  u 
[also  probably  to  amist,  rather  Uian  retard  ita  movement  ia 
I  proper  direction.  For,  with  no  olwtnution  tn  front, 
'  ia  tho  force  of  the  blood  Dtreaming  into  tlie  heart  itom 
d,  to  prevent  any  tendency  to  a  backward  How,  oven 
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apart  from  wliat  ma;  Iw  dTccteJ  hy   tlu>  imaenea  of  tbt 
volvpa  of  tho  venous  Bjrstom. 

It  U  true  that  in  violent  txprntarj  efForta  there  iit 
GOrtmti  n^tarJataoD  of  tlu>  otrciilation  in  iba  voiiM.  Tk 
effect  of  such  letaHotion  is  Bhomi  in  the  sirelliDg-iqitf 
the  Teina  of  tho  head  and  neck,  and  the  liTidity  of  tbe  faw, 
daring  cdugbinj;,  Btraiiuiif>,  and  aimil&r  ▼iolent  expinin; 
cfTortH ;  tlio  <-ffwt  »houii  in  Hmc  instoncoat  Iming  due  btfft 
to  some  actual  rcgut^tntioD  of  the  blood  in  the  great  ntai, 
oud  to  Uie  accumiUatioii  of  Llooil  in  all  tlta  roiii*,  fna 
their  being  coDatont^  mora  and  more  filled  hy  tba  tnfln 
ttom  tlie  artoriee. 

But  Htroiig  expiratory  efforto,  as  id  Btrtuninf^  and  ftr 
like,  are  not  fairly  MMQ)iara1>l«  to  ordinary  expiration.  is» 
much  oa  th^  an  iiLitunoM  of  more  or  leaa  iutirffiams 
with  expiration,  and  involve  probably  L-irvumstoaree  led- 
iii^  to  obstructiou  of  tli«  ciniulution  in  the  pulnunnj 
capilliu-ics,  xuch  n«  aro  not  present  in  tlio  ordiiuuy  ih)1^ 
mical  exit  of  air  from  the  lunf^s. 

Tlic  act  of  inipintiiori  is  fuvoiirnblo  to  the  tcdour  dm- 
lation,  and  ite  ('iToot  is  not  counterbalanced  t^  its  tendoxf 
to  draw  tho  arterial,  as  well  as  the  tcdoiu,  blood  toniA 
tho  cav!^  of  tho  cheat.  WIii^u  tho  chest  is  enlara«4  il 
inspiration,  the  additional  spat^e  within  it  is  fiUed  ctud|f 
by  the  fresh  quantity  of  air  which  |iaa»es  thtoi^  thi 
tTa4>hea  and  broncliijd  poiUAgM  to  tho  resiculiir  •ttwio* 
of  the  limgfl.  But  tho  blood  boing,  like  the  air,  nibjM 
to  the  atmospheric  pressure,  some  of  it  ulao  is  at  Um  mm 
timv  ]ii-eased  towards  the  expanding  cavi^  of  the  c1h< 
•nd  therein  towards  tlie  livart,  Tho  effect  of  tfata  on  lb 
arterial  current  is  hindered  by  the  aortic  valves,  «UU 
tliey  are  closed,  and  by  tlie  forcible  outward  stream  of 
blood  from  tho  ventricles  when  they  are  open ;  whih^  v 
the  other  haiitl,  there  ia  notbuig  (o  prevent  on  increawj 
tilBiix  nf  blood  to  tho  auricles  through  tlie  large  roiju. 
Sir  David  Barry  was  the  first  who  showod  plainly  thii 
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Sect  of  inspiralioQ  on  thn  vonotia  dmilatioD ;  and  ha 
[suviitioua  tliv  tiMoviug  espenm&at  la  pruof  of  iL  Hu 
itroduced  ono  end  of  a  Wit  gluM  tul><>  into  the  juguW 
sio  of  an  aoimol,  the  vein  being  tied  above  tbe  iioint 
iha  ttibo  vu  inserted ;  the  inforior  aid  of  th»  t^ibo 
I  immeraod  in  sonio  colourod  lluid.  IIo  then  observed 
at  at  the  time  of  each  inspiratJoQ  the  fluid  aaoended  in 
Itho  tulx!,  wltilii  (luricij;  dxjiirutiAii  it  i*itlier  renuuiiml  st«- 
ionar}*,  or  evoa  #»xik.  Poiiwniillo  confirmed  tho  tnith  of 
^this  obserration,  in  a  more  (tccurate  niniin«r,  by  m«<Bas  of 
[liis  tunuadyuamometer.  And  a  like  confirmation  lias  he«ii 
[since  fiimishod  by  Vul^^tin.aiidin  minittedetuiUby  I.udirig;. 
The  effect  of  inspiration  on  tho  veins  i»  observable  only 
lin  tlifl  largo  oin«  noar  the  tliorax.  Poiseuille  i«uld  wot 
[detect  it  by  means  of  Iiia  iniilruEui-'Rt  iu  veins  moru  distant 
il>om  the  heart, — for  examx>le,  in  tho  veina  of  tho  oxtrenu- 
[ti<M.  And  ibi  bendieial  effect  would  be  neutralised  wflns 
jit  not  for  the  valvw  ;  for  ho  found  tluit,  when  Iwi  ropoatoil 
J  Sir  D.  Barry's  experimente.  nnd  passed  the  tube  so  fHr 
|«iong  the  voiiM  ttiut  it  went  beyond  the  valves  ueaniiit  ti> 
'  the  heart,  aa  much  tluid]  vas  forced  buck  into  the  tube  in 
ovviy  expiration  as  vas  drawn  in  through  it  in  tmay 
I  inspiration. 

Some  secret  esperiments,  by  Dr.  Uurdon  SondOTSon,  have 

mora  dirwlly  that  inspiration  is  favourable  to  the 

^mntilatiOD,  inasmuch    as,  during   it,   tim   tonsioa    of  tho 

arterial  aystem  is  increased.     And  it  is  only  when  the 

]  Tsspirnttiry  orific«  is  nlosed,  aa  by  jilnggitig  tite  tracluju, 

that  inspiratot;  efforts  an?  suiKrient  to  produce  iin  op^ioaite 

sffcct — to  dimiuM  the  tension  la  the  arteries. 

On  the  whole,  tlierefore,  tlie  respiratory  movements  of 
;  ths  ch«*t  are  advantageous  to  the  drculatiiMi. 

Ytloeitij  0/  Blood  in  the  Vrini. 

Tho  vniociig  of  the  blood  is  greater  in  tho  veins  than  in 
the  capillaries,  but  less  than  in  tho  urlvriea :  and  with  this 
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bot  maj  be  remembered  th«  Klative  capacides  of  & 
utoriol  and  todous  i^stoin* ;  fiir  mitoo  the  runs  rebm  H 
the  heart  all  the  blood  that  they  reoeire  from  it  Iq  a  g^va 
tiniu  through  the  aiteriee,  their  larger  size  and  prapw^ 
tionally  grciutcr  Dumber  mast  compensatd  for  tho  liam 
mOTement  of  the  blood  through  them.  If  an  accunn 
eiitlinute  of  the  proimrttouale  arctta  of  arteriee  and  thena 
oormpondiDg  to  thvta  coold  be  made,  we  might,  from  tbi 
velocity  cf  the  arterial  curreDt,  calculate  that  of  the  nana 
An  OMuat  Gatimato  b,  that  the  capautjr  of  thu  veins  is  alMtf 
twioo  or  three  tim««  as  great  as  that  of  the  artediM,  al 
that  the  Telocity  of  tlio  blood'a  molioa  is,  tlien^ore^  abial 
twiea  or  three  tiuicn  ua  gr«iat  in  th«  artiiriiM  u«  in  tho  naa 
Some  doubt  has,  hou-en;or,  been  lately  expressed  Kgaitaf 
the  accuracy  of  this  calculation,  and  the  matter,  thcnftq 
muat  be  istusidtred  not  yiit  Kcttliil.  The  rate  at  whidi  tti 
blood  moras  in  the  reins  gradually  iooreoses  th«  neonsii 
appioaoheB  the  heart,  Ibr  the  sectional  aren  of  the  rmw 
tnukH,  compared  with  thut  of  tlio  brancLee  opeoinR  inn 
tlicm,  becomes  gradually  less  aa  the  trunks  adrancw  Iv 
wards  the  heart. 

V<Joci(jf  of  Iht  Circulaliot*. 

Having  now  considered  the  share  wludi  u»<-]i  of  the  iw- 
culatoTy  organs  baa  in  tlie  propulsion  and  directioD  of  th> 
blood,  wo  tuny  apiiixk  of  thoir  combined  effects,  cumuli; 
in  regard  to  tho  veloci^  with  which  the  uovemvut  of  da 
blood  through  the  whole  round  of  the  oirouhttioQ  is  accoaa- 
jilished.  As  Miiller  huvs,  tlie  rate  of  tlie  blood's  motion  ia 
the  vessels  must  not  be  judged  of  by  the  rupiilitj'  trift 
wlii<Ji  it  tlows  from  a  viseel  when  divided.  Id  the  latla 
case,  tlio  rate  ot  motion  ia  the  result  of  the  entire  pra«n» 
to  which  tlie  whole  mass  of  lilood  is  nulijtTlcd  in  Uie  -nu- 
culur  system,  and  which  at  tho  point  of  the  incUton  in  the 
vessel  meets  with  uo  reaistance.  lu  the  vloeed  veaselB,  ea 
the  contrury,  no  x>ortion  of  blood  con  bo  moved  fonranb 
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:  br  impeUiog  ob  Hw  whola  mam,  and  hy  orereoBung 

I  KaJNlancfl  axiaing  fnnit  fiictioa  io  the  smaller  veeaelfl. 

From  tho  rate  at  which  the  blood  eacapea  frota  opened 

I  -wo  oaa  only  jmlge,  in  gunerul,  thiit  it«  Tdlocitj-  is,  am 

if  wud,  grootor  in  arteries  than  in  reins,  and  In  both 

)  groater  than  in  th«  oapilioriea.     Mun  mt'iitactoTy  (lata 

'  tli«  estiinatM  am  afibrJed  b;  the  r«calts  of  oxperimsnts 

uoertain  the  rapidity  with  u-luch  [lolMms  int»>diic«d 

'  the  blood  are  traiismitt«iL  from  one  ptirt  of  lh«  vaiic'iilar 

to  another.     Kiom  eighteen  such  exi)erim«Dls  on 

Ilerinf;  deduced  tliat  the  time    ruquinxl    for   the 

of  a  Kilutitin  at  fcmx^'niiiJo  <if  potn^um.  lnil«il 

rith  the  blood,  from  on«  jugular  vein  (through  the  right 

LBide  of  the  heart,  the  pulinouarr  <rirciiluti(in,  the  left  (invitiiis 

|jOf  the  buttrt,  and  tho  gr^unnil  (insulation)  to  the  ju|>iilar 

vojn  of  the  opposite  side,  variea  Crom  twenty  to  thirty 

I  seconds.     The  same  BubstiiQce  was  triuininittod  from  the 

ju^^ar  reiu  to  tlin  gnint  wipliciia  in  tn'eiity  seconds ;  from 

[tlii>  jiigiilar  vein  to  the  masseteric  artery,  in  betwMiu  fifteoa 

liftiul  thirty  seconds ;  to  tho  facial  artory,  in  one  experimenti 

between  ten  and  fifteen  seconds ;  in  another  experiuiont 

between  twenty  and  twonty-fire  ftocoudx;  in  itx  trniiMt 

the  jugular  rnin  to  the  motntaisal  artery,  it  occupied 

en  twenty  and  thirty  seconds,  and   iu  one  iDstauce 

I  tfaati  &rty  second*.     The  rmtult  was  nearly  tlio  sumo 

rhatever  was  the  taXa  of  the  heart's  action. 

PoiseuiUe's   ob»crvali<>iia    u«>ord  oumpletely  with  the 

I  above,    and  show,  moreover,  that  when  the  ferrocyonide 

[ia  injected  into  tlie  blood  with  otlier  substances,  such  a» 

state  of  ammoiiin,   or   nitrate   of  potaxh   (solutions   of 

Tlrtliob,  as   other  experiments   hare    shown,  pass  qoicJdy 

'  through  capillary  tuliew),   the  paa^a^'u  from  one  jugular 

j  Toia  to  Ibo  other  is  cffi-^^tnd  in  from  cigbtfivn  to  twenty- 

ribor  seconds ;  while,  if  instead  of  these,  alcohol  is  added, 

the  passage  ia  not  completed  until  from  forty  to  forty-Cvo 

I  loooods  aflor  injwtion.       Still  greater  ra^iidity  of  transit 
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l)as  been  aluerved  by  Mr.  J.  Blake,  who  found  thtf 
nitrnto  of  hnrybi  injected  into  tb»  jugular  tcId  of  «  hem 
could  be  detected  in  blood  dravn  firom  the  cftntid  wtBj 
of  tlui  o])[iotitto  fttd«  iu  from  iifUM-ji  to  tn-ti^nty  seeondii  ate 
the  injoction.  Id  Hst^ion  BcccmdB  a  solution  of  nitnla  «f 
potash,  iigei-ted  into  die  jugular  veiji  of  a  horse,  tamii 
C(>in]ilett:  turost  of  tltu  hiiirl's  nt-tion,  hy  itnfaiHii^  al 
difTiuing  ilAdlf  tlinnigh  tli«  coroniuy  nrtorios.  In  »  di^ 
the  polaonous  efCeoU  of  etrjtliDia  on  the  nerroua  mim 
vera  nuLniCeated  in  twelve  Bcoonds  un«r  iujcction  intn  ik 
jugiilnr  vein  ;  in  11  fowl,  in  mx  and  a  half  seoouds,  and  ■ 
a  rabbit  in  four  and  a  half  seconds. 

In  all  these  es[ieriiniMitH,  it  ia  aaaumed  that  tlM  mb- 
atanoo  isJMtwl  move*  witli  the  blood,  and  at  the  some  nk 
u  it,  and  does  not  more  froni  one  part  of  the  orgamtl 
<anniIatiou  lo  another  by  diffusing  itself  through  th«  VM 
at  tiMii(«  Rioro  quickly  tlian  t)ia  blood  tnaves.  lb 
assumplioD  la  eufBcicDtly  probabli?,  to  he  contuilercd  Dmi^ 
oertaio,  that  the  tiinee  above-mentioned,  ns  occupied  ii 
the  pauugw  of  the  iuj^eted  Bul>!duiM<«,  are  those  in  wiaA 
the  portion  of  blood,  into  which  each  waa  injecteJ,  m 
oarricd  Irom  one  [lart  lo  another  of  the  THECulor  tj^lm. 
I(  would,  then^oris  ap]>nar  tbnt  a  portion  uf  hlood  ca 
traTOTse  the  ontira  course  of  the  titi^ulution,  in  the  tun^ 
in  half  a  mioute ;  of  course  it  ^-ould  require  Umgar  to 
travcrto  the  tohoU  of  tlie  most  distant  {hurt  of  the  et- 
tremities  than  to  go  dirough  those  of  tli»  neck  ;  hut  ta^ia^ 
an  average  lungtb  of  vesseln  lii  Ixi  traversed,  and  *iwnniliy, 
ojs  wn  tnuy,  tJiiit  tlie  ii)ovcim«it  of  bluotl  in  the  hniMa 
subject  ifl  not  alovor  than  in  the  hoiae,  it  may  be  (wndadsl 
that  one  minute,  whivh  in  tJiO  entimitle  uauully  adopltd 
of  tlw  uvprugo  time  in  which  Uie  blood  cumplot^  ile  eathi 
circuit  in  man,  is  rather  above  than  below  the  aetiud  nta^ 

Another  mode  of  eetiinatiiig  Hut  gtinoral  vclor.inr  of  the 
circulating  blood,  is  by  calculating  it  from  the  quantity  rf 
blood  8uppa»ed  to  be  coutaiucd  in  tlio  body,  and  bvta  ttw 


TEIjOCITT  op  the  CIRCtTT.ATIOX. 


179 


Mptuntity  whirh  cftD  pom  through  the  heart  in  each  of  iu 

jnctions.      Hut  the  condusioiia  arrived  nt  by  thin  mutliod 

laro  luu  KiitisrnrUirj.     For  th«  Mimatw  both  of  the  total 

I  quantity  of  blood,  and  of  the  capacity  of   the  cAvitiua  of 

Itiie  heart,   have  aa  yet  uuly  npproximalod  to  tho  truth. 

I'Still,  tho  most  careful  of  the  eetimates  thua  made  luxord 

Ith  thoao  already  mo&lioned;   for  Viilrtitin   hni,   from 

I  dat*.  cnlciUated  that  tho  hlood  may  iiU  pass  through 

heart  in  from  43^^  to  63J  aeconda. 

The  cutimattt  for  the  speed  at  which  tlin  hlood  may  ho 

Lseen  moving  \u  tranHpumiit  part*,  iit  iii>t  opposed  to  this, 

rFor,  as  already  stated  {p.  162),   though   tlie  movement 

I  tlirough  Uio  cnpilliiriM  may  be  very  hIuw,  y«t  llto  length 

[  of  copillary  tu»)ip1  thnwgh  u  liich  any  ]>ortioQ  of  blood  has 

to  paoa  ia  very  SHUtll.      Even  if  ne  estimate  that  length  at 

the  tentli  of  an  inch,  and  suppose  the  vtdotity  uf  tltii  btood 

therein  to  ho  only  ono  inch  per  minute,  then  each  pordOD 

of  blood  may  traverse  its  own  disiauoe  of  tho  cnpilloiy 

•yst<tm  in  about  nix  iii«»iid!i.     Thuro  would  thua  bo  plenty 

I  of  time  left  for  the  blood  to  travel  through  ita  circuit  in 

I  the  larger  vetudJH,  iii  ivhitli  tho  greateat  length  of  tubo 

Lthat  it  can  have  to  tntvono  in  tho  human  subject  does  not 

\  exceed  ten  flMt. 

All  thn  iMtiinntCH  here  given  are  av«Tag«a ;  hut  of  ooun* 

'  the  lime  in  which  a  given  portion  of  blood  pnM0«  from 

.  one  side  of  tlie  heart  to  the  other,  varies  much  aL<oordin^ 

f  to  the  organ  it  boti  to  traverse.     Tho  blond  whii^h  circulates 

I  from  tho  left  VRntricile,  tlirough  tlie  coronary  veffiela,  to  the 

right  aide  of  the  heart,  requires  a  tu  sliorter  time  for  tint 

etxmplotion  of  it.i  coursii  than  tho  blood  which  flows  from 

the  left  aide  of  the  limrt  to  tho  feet,  and  baek  again  to  tli» 

nght  Hde  of  the  hciurt;  for  tho  ciroulatinn  from  the  left  to 

the  right  cavities  of  the  heart  may  bo  repreeentitd  a»  form- 

lag  a  number  of  mrhi^s,  vuryiuj^  in  sitw,  and  Rii^iiiriiig 

propOrtionatoly  vsrioua  timcn   for  tlie  blood   to   traverse 

th«m ;  the  suaUeiit  of  these  aichea  being  ibimed  by  the 
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circulation  Uircnigh  tlie  conauay  remels  of  the  beait  itidf. 
The  coiino  of  tli«  blood  from  the  riglit  side  of  th«  best 
throUKh  the  lungs  to  the  iofl,  U  shorter  tli&n  most  of  lb 
Bnluia  dvtKribiMl  hy  the  nyiAottMi  circulutlou,  and  in  it  thi 
blood  \\ovr»,  caierit parihut,  amch  qnickor  than  ia  not*! 
tlie  Teasels  vhidx  belong;  to  the  AOrtio  eircalatiotL  FW 
■Ithongli  the  quantity  of  blood  eaat&ined,  at  laij  tiutenl, 
ia  th«  grcntor  drcuUdoa  of  tli«  bodjr.  is  far  greater  dua 
the  quantity  irilhiii  the  leHser  cirvubition;  yet,  in  unynrna 
q)ace  of  tiimt,  on  much  lilooJ  must  |ittM  through  tfao  loagi 
AC  passes  in  the  muuo  timo  tlirougli  thw  sj-stcmic  cttvutslm 
If  the  eyBlemio  vessels  contain  five  times  as  mueli  blood  m 
tho  piUnunuuyf  tbo  1>Iu(hI  iii  thi-ia  mii-it  niovo  tiro  tiiD<«  m 
•lov  as  in  these ;  else,  tho  right  side  of  the  heart  vouldlc 
«ther  or«ifiUed  or  not  SUed  eoough. 

PfCuUarities  of  the  CireulatiaH  in  differeftt  Part*. 

The  most  remarkable  peculiarities  attendiuff  the  cijnils- 
tion  of  blood  tlirou^h  differeiit  organs  am  obeonred  in  ibi 
cnsos  oi  tho  luitgi,  the  Ziim-,  the  train,  und  the  creclUt  oryttL. 
The  pulmonary  and  portal  circnlations  havo  hw^  abn^f 
alludf-d  to  (pp-IOt,  lOi),  and  vill  bu  again  notiocd  wlua 
cos^idoriii^  the  functions  of  the  lungs  and  lirer. 

The  chief  circumstances  requiring  noticB,  in  relatioo  Is 
the  eerthml  eircitlalian,  are  observed  in  tlio  nrrangententsiti 
(l!»tn1<uii<  Ti  .<f  tlie  Tsseols  of  tho  brain,  and  in  the  «n> 
ditioi)^  Jilt. II. ling  the  amount  of  blood  UMually  conlaiiKd 
vithin  the  cranium. 

Tlic  fuucttoDM  of  the  hmin  seem  to  requlnt  Hint  it  ^umU 
receive  a  large  supply  of  blood.  Tliis  in  aceouphslud 
through  tlie  number  uud  aixu  of  its  arteries,  tho  two  intriMl 
mrotidx,  oud  tlie  two  vertebrale.  But  it  ajqicors  to  hi 
further  necessary  that  the  force  with  irliich  this  blood  a 
seut  to  till!  brtiin  Klioiild  ho  loss,  or  at  least,  subji^ct  to  Im 
variation  from  pxtcnial  circumstances  than  it  is  in  Other 
parts.     TLiie  objott  in  efFcctod  by  •crorul  proTiaious ;  nuili 
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Bs  tlui  iojtiMinty  of  thn  Urgo  nrleriM,  mid  (h^ir  mAe  aoaa- 
toQioaes  in  Iho  formatioD  of  tho  eutle  of  WilHs,  vliidi  will 
in.iure  tiiat  ihu  vupplj  of  bJoiid  to  tho  brain  may  he  nsi- 
fonn,  though  it  may  hy  an  aocideot  be  diminisbed,  or 
in  some  way  changed,  through  one  or  more  of  the  principal 
nrt'iricn.  Tlio  triuinit  of  tho  Wgo  artoriM  through  boiWi 
oq>wtHlty  tho  cnrotid  ctLCal  of  tli«  temporal  bone,  mitf 
pieTcnt  any  undue  diatenaion ;  and  uoiformitj  of  supply 
in  furtlicr  iiuuied  by  the  arrangement  of  the  Tcsncla  in 
tho  pia  mator,  in  wliicb,  prorioas  to  thctr  di*tribut!on  to 
the  substance  of  the  brain,  the  lar^  arterira  break  up  and 
(litide  into  inaumtrralJe  minute  branohea  ending  in  impil- 
lariee,  vhich,  after  frequent  communicatioaa  with  one 
anutfaer,  enter  the  brain,  and  cany  into  nearly  every  part 
of  it  uniibna  and  equabli)  streanks  of  blood. 

The  arrangement  of  the  ntiu  within  the  cranium  ia  also 
peculiar.  Tiie  laigo  renoua  trunks  or  ainuiies  are  furmcd 
ao  aa  to  ho  scormly  capable  of  chongo  of  fiim;  and  com- 
posed, as  tliey  are,  of  the  tough  tissue  of  the  dura  mater, 
and,  iit  iN>mo  insitani^iM,  bouudud  on  one  side  by  the  iMn&y 

-ctuiium,  they  are  not  compreasibb  by  any  force  whicli  the 

I  flilnnai  of  the  arteries  might  exercise  through  the  substance 
of  the  brain ;  nur  do  thoy  oduiit  of  diKtuiistou  when  the 

I -Sow  of  TGOOUa  blood  fiom  tlio  brain  is  obstructed. 

Tha  general  unifonnity  in  the  supply  of  blood  to  the 
Imutt,  which  i»  thus  secured,  is  well  adnpted,  nol  only  to 
its  functii>ii»,  but  iiIm  to  ilt  itondiliou  an  a  uuuli  of  nearly 

■  iuoompressible  substance  placed  in  a  cavi^  with  unyielding 
walla.  Tbeee  conditions  of  the  brain  and  skull  have  ap- 
pMted,  indeed,  to  some,  enough  to  justify  the  opinion 
thai  the  quantity  of  blood  in  the  brain  must  be  at  all  times 
the  same ;  and  thut  the  quantity  of  blood  received  viiliin 
any  given  time  tiirougb  the  (irturios  inu»t  be  always,  and 
at  the  same  time,  exactly  equal  to  that  removed  by  the 
veins.  In  accordance  with  thin  xuppoHition,  the  sj-mptoms 
uoumonly  relened  to  either  oxoesa  or  defici^Dcy  of  blood 
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in  tho  brain,  ircro  fwcnbod  to  k  diatnrbance  ta  ilie  Iwlntf 
between  the  quaoiity  of  arloriol  and  tlutt  of  T«noi»  Iiloei. 
Soaat  iixpRrim^nU  ^irfurmeil  by  I>r.  Kellie  appeared  b 
Mtablish  (be  corrcctnosB  ot  this  viaw.  But  Dr.  Bunm 
fajLTiQ^  repeated  lhe«e  experimenta,  and  perfonwd  *^ 
ditionnl  ddmi,  obtaiuttd  dilTL-iviit  n!*ult)i.  He  found  tint  ■ 
Dnimals  bled  to  death,  without  any  aperttirc  bcin^  null 
in  the  i:ranium,  the  brain  became  pale  and  ana>mic  lib 
oihor  partK.  And  in  prmif  that,  during  life,  the  i-enial 
circulatiun  is  iniluenc^  bv  the  same  general  cirenautaani 
that  iuflueace  the  circulation  elsewhere,  be  found  CO- 
gestion  uf  t)i(!  (^nrvbial  vi>it.Ht-lH  In  rabbits  killed  by  Mrs- 
^io^  or  drowning ;  whilo  in  others,  killed  lijr  pnnnc  adj, 
he  obaerved  that  the  q\iantiry  of  blood  in  the  cavity  of  Ik 
cranium  was  dutenniiiod  by  the  p(»itioa  lu  wludi  ibt 
Boimnl  wm  pluocd  after  d«ath,  tho  i-orobrnl  t««(«U  btny 
Gongeeted  when  the  animal  was  suepeaded  with  ita  h&i 
downwardn,  and  compuriiliw^ly  «mply  -whim  the  auBj 
waa  kept  suspended  by  the  ears.  Ho  concluded,  tbeRtx^ 
tliat  ii!thouf;h  the  total  volume  of  the  oontents  of  At 
crnniuni  is  prolmbly  iidurly  always  tbn  atanM^  ^  Ai 
quantity  of  bloo<l  in  it  is  liable  to  variation,  its  iaatatttt 
diminution  being  accompanied  by  a  simultuni.-ous  diminn- 
tion  or  increoaB  in  the  (iiiniiti^  of  llio  ccrobro-epinal  Ibni, 
which,  by  readily  admitting  of  being  removed  frwn  <ae 
part  of  the  brain  and  spinal  cord  to  anutlicr,  and  of  bnig 
rapidly  absorbed,  and  a«  roaiUly  effused,  would  aetre  tt 
a  kind  of  supplemental  lluid  to  tho  other  oontentc  of  At 
cruuium,  to  ket>p  It  uuifuniily  filled  in  coao  of  ToriatuH  ia 
their  quantity.  Aud  thnrc  cnn  be  no  doubt  tbatf  wlthwigh 
the  arrangements  of  the  blood-voseds,  to  wluL-h  refenaM 
lias  bci'U  made,  ensure  to  the  brain  an  amount  of  blool 
which  ia  tolerably  uniform,  yet,  inasmudi  lui  with  vmy 
beat  of  the  heart  and  every  net  of  respiration,  and  ni>d«T 
many  other  circumstances,  the  quantity  of  bloinl  ia  (Im 
cavity  of  the  crtinium  ia  L-unstautly  vai^-ijig,  it  ia  plain  thai. 
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were  ihete  not  provUion  made  for  the  possible  displac«- 
TiH-ut  of  ttomn  of  tlio  roiitnnts  of  thn  unyinliling  IkiHt 
in  which  th«  brain  is  rontaiiiei},  there  would  bo  oft«n 
altematious  of  muxe^ro  pivaaiira  irilh  luHulGt-ient  supplj 
of  blnod.  Ilonoe  wfl  niny  conniilt^  that  tho  c^rahro-RpInftl 
fluid  in  the  mterior  of  the  fikull  not  only  subaen-«  the 
medinnical  functionH  of  fnt  in  other  )>axta  as  11  packing 
^  materiiil,  but  by  the  roadinesa  irith  which  it  can  be  dis- 
iato  the  spinal  «aaaj,  proridos  th«  means  whn«by 
I  promuro  imd  iiunifficicnt  sapply  of  Uood  hto  etjuolty 
prcn-entod. 

Cireulatunt  in  treetiU  stnieturfi, — ^The  instanc«B  of  prcateet 
variiilion  in  tli«  (juactity  of  bloorl  rontnined,  at  Jiffpn-iit 
timM,  in  the  aame  organs,  are  found  in  certain  etnictures 
wtiich,  nndnr  ordinary  cin^unistaiices,  aru  aufl  and  flacvid, 
liMt,  nt  ccrtnin  times,  rrtwiTR  nn  ntiusiinlly  Ini^  iniaiility 
of  blood,  become  distended  and  awoUen  by  it,  and  pwa  into 
the  slate  nhioh  baa  been  termed  erection.  Such  structures 
■tro  the  corpora  caTemosn  and  corjius  spongiosum  of  the 
jMOiis  in  the  male,  and  the  clitoris  in  the  female ;  ftiid,  to 
B  leaa  degree,  tho  ni]iple  of  the  iiiammaiy  gland  in  both 
sexes.  The  corpus  cavpmtwum  pRnt^  which  i*  tho  Ixwt 
oxumplo  iif  an  ere<'tile  Mructure,  has  an  external  fibrous 
membrane  or  sheath ;  mid  from  thu  iuner  aurfui'e  of  the 
latter  uiu  proIonRed  numerous  fine  InmiJho  which  divide 
its  cavity  into  nniull  conipiirtmenls  looking  like  cells  when 
they  are  inflated.  Within  thciKJ  is  situated  the  plexus  oi 
▼eina  upon  which  the  peculiar  croctilo  proiieny  of  iha 
organ  mninly  dHpeuds.  It  consists  of  short  veins  which 
vety  closely  interlace  and  anastoiDOMn  with  eadi  other  in 
all  directions,  ond  admit  of  great  variation  of  si»>,  col- 
lapwDfi:  in  the  pai!sivii  statu  of  the  organ,  but,  for  erection, 
capable  of  an  amount  of  dilatation  which  exceeds  beyond 
OompariiKm  tliat  of  the  arteries  and  veins  which  convey  tlu) 
blood  to  and  trom  thnm.  The  strong  fibrous  tissue  l3riiig 
in  the  iutervala  of  the  veaous  plexuses,  and  the  external 
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fibrous  membrane  or  Bheath  'with  vhich  it  is  connected, 
limit  the  disteneion  of  the  vessels,  and,  during  the  ataU  of 
erection,  give  to  the  penis  its  condition  of  tension  and 
firmness.  The  same  general  condition  of  vessels  existo  in 
the  corpus  spongiosum  urethrfe,  but  around  the  urethra 
the  fibrous  tissue  is  much  weaker  than  around  the  bodj  of 
the  penis,  and  around  the  glans  there  is  none.  The 
venous  blood  is  returned  firom  the  plexuses  by  compara- 
tively small  veins;  those  from  the  glans  and  the  fore  part 
of  the  urethra  empty  themselves  into  the  dorsal  vein  of  the 
penis  i  those  from  the  corpus  cavemosum  pass  into  deeper 
veins  which  issue  Irom  the  corpora  cavernosa  at  the  cmta 
penis ;  and  those  from  the  rest  of  the  urethra  and  bulb 
pass  more  directly  into  the  plexus  of  the  veins  about  the 
prostate.  For  all  these  veins  one  condition  is  the  same ; 
namely,  that  they  are  liable  to  the  pressure  of  musdee 
when  they  leave  the  penis.  The  muscles  chiefly  con- 
cerned in  this  action  are  the  erector  penis  and  accelerator 
urinte. 

Erection  results  from  the  distension  of  the  vmioos  plez- 
nses  with  blood.  The  principal  exciting  cause  in  the  ereo* 
tion  of  the  penis  is  nervous  irritation,  originating  in  the 
part  itself,  or  derived  from  the  brain  and  spinal  cord.  The 
nervous  influence  is  communicated  to  the  penis  by  the  pudic 
nerves,  which  ramify  in  its  vascular  tissue :  and  Quenther 
has  observed,  that,  after  their  division  in  the  horse,  the 
penis  is  no  longer  capable  of  erection.  It  affords  a  good 
example  of  the  subjection  of  the  circulation  in  an  indi- 
vidual organ  to  the  infiuence  of  the  nerves ;  but  the  mode 
in  which  they  excite  a  greater  influx  of  blood  is  not  with 
certainty  known. 

The  most  probable  explanation  is  that  offered  by  Pro- 
fessor Kulliker,  who  ascribes  the  distension  of  the  venous 
plexuses  to  the  influence  of  organic  muscular  fibres,  which 
ore  found  in  abundance  in  the  corpora  cavernosa  of  the 
penis,  from  the  bulb  to  the  glans,  also  in  the  clitoris  and 
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other  parts  capable  of  erecdon.  While  erectile  organs 
are  flaccid  and  at  rest,  these  coatractile  fibres  exercise  an 
amoont  of  pressure  on  the  plexuses  of  vessels  distributed 
amongst  them,  sufficient  to  prevent  their  distension  with 
blood.  But  when  through  the  influence  of  their  nerves, 
theae  parts  are  stimulated  to  erection,  the  action  of  these 
fibree  is  suspended,  and  the  plexuses  thus  liberated  £rom 
pressure,  yield  to  the  distending  force  of  the  blood,  which, 
probably,  at  the  same  time  arrives  in  greater  quantity, 
owing  to  a  aimulCaneouB  dilatation  of  the  arteries  of  the 
parts,  and  thus  the  plexuses  become  filled,  and  remain  so 
until  the  stimulus  to  erection  subsides,  when  the  organic 
muscular  fibres  again  contract,  and  so  gradually  expel  the 
excess  of  blood  from  the  previously  distended  vessels. 
The  influence  of  cold  in  producing  extreme  contraction  and 
ahrinking  of  erectile  organs,  and  the  opposite  eSect  of 
warmth  in  inducing  fulness  and  distension  of  these  parts, 
are  among  the  arguments  used  by  Kdlliker  in  support  of 
this  opinion. 

The  accurate  dissections  and  experiments  of  Kobelt, 
extending  and  confirming  those  of  Le  Gros  Clark  and 
Krause,  have  shown,  that  this  influx  of  the  blood,  however 
explained,  is  the  first  condition  necessary  for  erection,  and 
that  through  it  alone  much  enlargement  and  turgescence 
of  the  penis  may  ensue.  But  the  erection  is  probably 
not  complete,  nor  maintained  for  any  time  except  when, 
together  with  this  influx,  Uie  muscles  already  mentioned 
contract,  and  by  compressing  the  veins,  stop  the  efflux  of 
blood,  or  prevent  it  from  being  as  great  as  the  influx. 

It  appears  to  be  only  the  most  perfect  tcind  of  erection 
that  needs  the  help  of  muscles  to  compress  the  veins;  and 
none  such  can  materially  assist  the  erection  of  the  nipples, 
or  that  amount  of  turgescence,  just  falling  short  of  erec- 
tion, of  which  the  spleen  and  many  other  parts  are  capable. 
For  such  turgescence  nothing  more  seems  necessary  than 
a  Urge  plexifonn  arrangement  of  the  veins,   and  such 
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iirterioa  m  maj  aJnut,  u|)oo  local  oocamons,  wgmwlil 
qQantitim  of  blood. 

TIm  Influenoe  of  the  Nerrous  Sjrstom  on  tbo  cimilMM 
in  Iho  Mood-TWMeln  vUl  be  uonaidered  in  Cb&p.  XVtL 


CHAPTER   VII. 


B»riSATIO!t. 


As  tho  blood  circulaiea  through  the  varimu  fntrit- 
body,  &ud  fuUtU  iU(  ofBu«  by  nourislimg  the  umi 
tiwtuc",  by  eiipplying  to  wimting  org«ii«  the  mtKidi 
noL'essary  for  their  secretions,  and  bj-  tlie  perTomuaw  rf 
otU«r  dutioK  with  wliich  it  iH  clinrgiNl,  it  i»  dopiind  d 
pcirt  of  it«  nutxitive  roDstitu^nts,  and  receives  inijraritai 
vhicli  Di!(^  removal  from  the  body.  It  ia,  tbutelcift, 
nocxMuiry  t)iut  fn-xli  iiii]iplii;s  of  nutritnont  should  b*  (o* 
tiDually  added  to  the  blood,  and  th&t  proviaSon  AoM 
be  made  f<>r  thu  ninioval  of  the  iinpurititis.  The  fin(  »( 
then  objects  in  fxi^omitH^hiMl  by  tho  processes  of  digM&a 
and  absorptioD.  The  eecond  is  principally  cff<iM:iml  by  Ae 
Bgeiicy  of  tlie  vanous  excretory  orgiuiii,  througrh  which  «t 
removed  the  several  impurities  with  which  ibu  Uood  ii 
charged,  wlietlier  these  inipiiritiee  are  d<:riv<><l  altogcUMf 
iroin  the  degenerations  of  timu«,  or  in  part  also  fhmi  tin 
elomeots  of  unassimilated  food.  Ono  of  the  most  impartial 
and  abundant  of  tb«  iinpurities  is  earbunic  acid,  tboi»- 
movnl  of  which  and  the  introduction  of  freah  quautities  at 
oxygeu,   coaslitulo  the   chid'  purpose   of  reap; 
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whicb,  because  «f  its  intimale  relation  to  the  «ir- 
bulotion,  may  bu  ctitinilorod  Iwro,   rntlier  tbna  with  Has 
or  excretory  fWclious. 

Poiition  at\d  Strtwlurt  0/  tht  hungt. 

The  lungs  occupy  ihe  greater  portion  of  the  chest,  or 

"UpperaiOBt   of  tlio    two    ctiritii;!i    into  whicli  llio  body  Is 

divided  by  tlio  diaphragm  (fig.  3 1 ),    They  »ro  of  a  spongy 

Blic  loirture,  and  on  swtion  appear  to  the  naked  eye  08 

they  u'CTft  in  great  part  ncilid  (irgiiiis,  except  bere  and 

Bore,  at  certain  points,  where  branches  of  the  btonchl  or 

"■tubes  may  have  be«u  vut  ucroiis,  and  show,  oa  their 

irfuco  of  th«  twctioQ,  their  tubular  etructuro. 

In  fact,  however,  the  lungs  are  hoUow  organs,  and  we 

Fxaay  couaitli-r  thrm  im  ri^itUy  two  bugs  cuntainitig  air,  cn<'h 

tof  which  communicates  by  a  separate  orilice  with  a  common 

r-lulw  (fig.   31),  through  tlie  iip[jer  jiorlion  of  which, 

Ho   larynx,   they  freely  communicate  with   the  extemol 


atmosphere.      The    orillt^e   of  the    larynx  ia  guiu-iled    by 
mtucles,  and  can  be  opened  or  closed  at  wiU. 


Pig.  50.    Truii>ran«  ucUoa  ut  tha  cUcbI  (nfltr  Uray]. 
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It  has  hem  raid,  in  Umi  pircMxliQK  cliaiiitar  that  od  j 
lung  is  «DTe]oped  in  a  distinct  fibrouH  bftfr,  vriUi  a  mua^l 
alippery  lining',  And  tluit  the  outer  smooth  sarbet  rfl 
Ui«  lung  glid«e  easily  on  the  innur  Hiuuoth  eurfaoeoft^l 
bag  vhkh  enrelops  IL  Thi«  envoloping  b«y,  whkt  m\ 
calitjd  tliu  [iloura,  ia  oiiMly  Mcn  in  the  dead  subi«ot ; 
whoTi  it  18  opened,  na  in  an  ordinuy  pott-morUm 
tion,  there  U  a  conaidernble  sj^ace  left,  by  tlta  eliutic  : 
of  the  luug,  txittwccu  din  outw  Hurfuoo  of  the  lung  and  tkj 
ioaxft  surface  of  the  pleura,  which  is  leil  sticking,  «  vj 
speak,  to  the  inner  8u£ue  of  the  walls  and  Hoot  <<  Ai| 
eltoiit. 

This  flpaoe,  how«Ter,  between  the  lungr  ^Q*!  the  plna  { 
does  not  cxieit  (esiwpt  iu  naxxw.  ciiaea  of  disease)  ao  hmg  i 
the  cheat  in  not  opened ;  and,  while  conaidering  the  ralJM  I 
of  normal  hcnltiiy  re>x>irntion,  wo  may  discard  altognfav  [ 
the  notion  of  any  epace  oT  cavity  between  the  lung  ol  J 
the  v'ull  of  the  cheat.  Su  fur  aa  the  mortMBent  of  tli«liii(| 
ia  ooucornod  it  might  ho  adlicront  oomptotely  to  tha  dwtt-  ] 
wall,  ina&iiiut-h  as  tliey  accompany  each  other  in  oD  Iks 
morementA ;  only  there  ia  a  alight  gliding  oif  the  cmood  \ 
euriaoo  of  tha  lung  on  the  smooth  iuiter  hu&m  ot  d*  j 
ploura,  hut  no  Beparallon,  in  the  alightaat  d^nw,  of  i 
liotn  the  olhw.' 

The  trachea,  or  tube  through  which  air  poaaea  to  tla 
lungs,  dividoa  into  two  branchtta— one  for  each  ha^; 
and  these  primaij  branches,  or  brotuM,  ailer  uutering  tk  j 


*  It  maybe  menrioatd,  that  the  amooth  tttnxiag  of  Iha  loagkl 
ie«Uy  GoiiUnuoiin  nitli  di*  Innwariioolh  llalnxoTtlie  vniUcmdflMrrf'i 
lLt<  uLmI,  u  vill  bo  rvwiily  h«i  ia  %  5(1  Hvneo  lb*  tt*"*'"'  j 
whiflicovirn  the  iungu  called  the  ruBrroI  Uycr  of  the  pbar^  aalMl 

wliii'.)i  lincatlic  nnlli  and  Hoot  nf  Iho  chest   tbo  parUtai  lajBC 
■pfHumun'R  ofn  cavity  or  i>]i]i(!c  (fij;.  56)  tietvcpn  tha  vtaoMal  hfw  I 
jilvuni  (I'livHriTig  thn  luii^)  iin<j  lliv  psrltttnl  Inj^er  (coverinjt  tha  iew  j 
Biirfkae  orUir  wall  uftlio  vliuit  and  upjicT  put  of  th«  diaphri^B]  III 
only  inMTtod  for  the  nice  o(  dittiactnui. 
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ibfllsnce  of  Hui  orgnn,  iliridR  and  Kiibdiviilc  into  n  number 

•tantlnr  uid  entailer  branches,  which  penetrate  to  every 

Bit  of  the  orf>&n,  until  at  leo^^lh  tliej-  <inil  lu  tbc  smaller 

ibdiviaiuu*  of  ttu:   long  uiUod  labuUt.      All  th«  larger 

have  vaJla  fornned  ot  touf;h  membraiiP.  oontaJD- 

^  portions  of  onrtiliiginaus  ring*.  \>y  irliich  tln'y  urb  hL-Id 

nnd   UDstriped  niuscular   librvs,   as  well  as  loiigi- 

linnl  bundles  of  elastic  tissue.      They  are   lined  by 

luoous  Di«mbraiii.',  Ifao  Rurfacu  of  vbich,  like  that  of  the 

Fig.  57.' 


aryax  and  trnchoa,  i*  cawK>3  with  vibratile  (dliary  opi- 
liboliuin  (fiff.  58}. 

As  tlio  broiM^hi  divide  they  become  smaller  and  smaller, 


*  Fig.  57.     A  dbgrmnnuttlc  rrprsuntation  of  Hnt  heart  and  gntl 

aU  ill  conofi^iuu  nith  tW  langn — j.    The  [iitiicudiiiin  hu  iMcm 

DOTcd,  Mild  UiD  lung«  ant  liiriivl  iul<tci.   1,  ri|c)itiiiiTii:!«  i  Z,  mw  caia 

■putor ;  3,  rciu  ctra  inftrior  1  4.  tiji-IlI  vuiitricle )  $,  «tem  ot  tlie  pul- 

uUry;   a  a,  lis  right  uiJ  lefl  Innchm;  6,   left  auricular 

I ;  7,  left  Tentri«lc  :  S,  aorUi ;  %  l(\  tlia  two  lobu  at  the  lofC 

1 1,  11,  13,  tl>«  t>ir«  lobci  of  llic  riglit  lung  :  6  ft,  right  uid  Uft 

[  bmuU ;  T  V,  right  iui<l  left  upper  pulmoiiAiy  vciiii. 
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and  their  walls  thinDer ;  the  cartilaginoua  rings,  eepedallT 
becoming  scarcer  and  more  irregular,  until,  in  the  smaller 
bronchial  tubes,  they  are  represented  only  by  minute  and 
scattered  cartilaginous  flakes.  And  when  the  bronchi,  by 
successive  brunches,  are  reduced  to  about  ^  of  an  inch 
in  diameter,  they  lose  their  cartilaginous  element  alto- 
geilier,  and  their  iialla  are  formed  only  of  a  tough,  fibrouB, 
elastic  membrane,  with  traces  of  circular  muscular  fibres ; 
they  are  still  lined,  however,  by  a  thin  mucous  membrane, 
witli  ciliated  epithelium. 

I-Iach  lung  is  partially  subdivided  into  separate  portions, 
called  lobes ;  the  right  lung  into  three  lobes,  and  the  left 
lung  into  two  (fig.  57).     Each  of  these  lobes,  again,  is 

Fin-  58.' 


composed  of  a  large  number  of  minute  parts,  colled  lobviet. 
Each  pulmonary  lobule  may  be  considered  a  lung  in 
miniature,  cousistiog,  as  it  does,  of  a  branch  of  the  bron- 
cliiol  tube,  of  air-coUs,  blood-vessels,  nerves,  and  lymphatics, 
with  a  sparing  amount  of  areolar  tissue. 

On  entering  a  lobule,  the  small  btoncliial  tube  dividea 


•  Fig.  5S.  Ciliary  ciiitlidiiini  of  tlie  human  trftclwn  niapnified  350 
■liaiucttrn.  n,  I^ycr  of  loiigituiliiially  arnm^d  clastic  iibrei ;  b,  Baie- 
iiifiit  lilt' nit iraiie  ;  c,  Dpe]>cst  oclla,  circular  in  form  ;  rf,  Intcimtdwte 
I'loji^ti'd  1 1'lls ;  f,  Oultmiost  layer  ot  cells  fully  ilercliU'cd  ftud  lieariog 
cilia  (flflcr  i^uUikvr), 
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Fig-  59-' 


and  Bubdivides ;  ito  walls,  at  the  same  time,  becoming 
thinmET  and  thinner,  until  at  length  they  are  formed  only 
of  a  thin  membrane  of  areolar  and  elastic  tissue,  lined  by 
a  layer  of  squamous  epithelium,  not  provided  with  cilia.  At 
the  same  time,  they  are  altered  in  shape;  each  of  the 
minute  terminal  branches  widening  out  funnel-ndse,  and 
its  vaUa  being  pouched  out  irregularly  into  small  saccular 
dilatations,  called  air-cells  (fig.  59).  Such  a  funnel-shaped 
terminal  branch  of  the  bronchial  tube,  with  ita  group  of 
pouches  or   air-cells,  has    been    called    an    infundibulum 

(fig.  59),  and  the  irregular  oblong  space  in  its  centre, 
with  which  the  air-cells  communicate,  an  inUreeUuUtr 
passage. 

The    air-cells    may   be 

placed  singly,  like  recesses 

from  the  intercellular  pas- 
sage, but  more  often  they 

are  arranged  in  groups  or 

even  in  rows,  like  minute 

sacculated  tubes;  so  that 

a  ■short    series    of    cells, 

all     communicating    with 

oue    another,    open    by   a 

common    ori£ce    into   the 

tube.       The    cells    are   of 

Tarious    forms,    according 

to  the  mutual  pressure  to 

which   they   are    subject; 

their   walls   are   uearly   in  contact,  and  they  vary  from 

j'j  to  ylj  of  an  inch  in  diameter.     Their  walls  are  formed 

of  fine  membrane,    similar   to    that  of    the    intercellular 

passages,    and   continuous   with    it,   which    membrane  is 


*  Fig.  59.  Two  BmaU  groups  of  air-cells,  or  in/undibula,  a  a,  with 
ur.c«Us,  t  b,  and  the  ultimate  bronchial  tubes,  c  <;,  with  which  the  air- 
cells  commtuiiciite.     From  a  uew-bom  child  (after  Kullik«t). 
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folded  on  iUdf  w  u  to  fonn  a  .tliorp-edgod  Inrto  « 
eadi  eircular  orifico  of  MisniuiuoatioD  betwveo  amtiguna 
air-mlla.  or  botwcoii  the  telb  and  Llie  broncliial  pBaigK 
Numeroiu  fibros  of  elastic  tianie  ore  spraod  out  beMw 
conlJguouH  tur-c«ll»,  and  auuay  of  these  are  attacbod  la  Ik 
outer  surface  of  tbo  fine  inicmbnuio  of  wluoh  eaid)  nd  k 
compotted,  imparting  to  it  additional  etreiigtb,  and  b 
povr«r  of  rocoil  after  dlBtemdon  (fi^.  (>o,  6  and  c).    Ik 

Fiff.6o.' 


c«Us  are  lined  bj  a  layer  of  $qtiamoiu  or  Ufdlaled  cpillie- 
lium,  not  prorided  with  cilia.  Out^do  tho  oolls,  a  cd- 
vork  of  pulmonary  capUJariee  ts  ^read  out  ao  deasdr 
(%.  6i),  tliat  tlio  interapacas  or  laeabea  ara  area  nammv 


*  Fig.  So.  Air-c«U*of)unx,niiignifliMt 35odi*iDrt«fa.  a,  EpkhtU 
lining  of  tlio  (%lt> ;  b.  Fibres  oft  iulic  liania;  r,  Dnlieato  n«mbnM<( 
which  the  ccll-wiill  in  cotulniutcd  witll  clutic  librca  at(acli«4  to  'A\itm 

KuUikw). 
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than  the  vesaela,  which  are,  on  an  average,  -j^Vg  '^^  ^^ 
inch  in  diameter.  Between  the  atmoapheric  air  in  the 
cells  and  the  blood  in  theae  vesBels,  nothing  intervenee 
but  the  thin  membranes  of  the  cells  and  capillaries  and 
the  delicate  epithelial  lining  of  the  former ;  and  the 
exp(Mure  of  the  blood  to  the  air  is  the  more  complete, 
because  the  folds  of  membrane  between  contiguous  cells, 
and  often  the  spaces  betiveen  the  walla  of  the  eame,  con- 
tain only  a  eiagle  layer  of  capillaries,  both  aides  of  which 
are  thus  at  enco  exposed  to  the  aii. 

The  cells  situated  nearest  to  the  centre  of  the  lung  are 
smaller,  and  their  networks  of  capillaries  are  closer  than 
those  nearer  to  the  circumference,  in  adaptation  to  the 

Fig.  61.' 


more  ready  supply  of  fresh  air  to  the  central  than  the 
peripheral  portion  of  the  lungs.  The  cells  of  adjacent 
lobules  do  not  communicate ;  andthoseof  the  same  lobule, 
or  proceeding  from  the  same  intercellular  passage,  do  so 
aa  a  general  rule  only  near  angles  of  bifurcation  ;  so  that. 


*  Fig.  61.     Capillttry  net-wnrlt  of  the  pulmonnry  blood- veaseli  in  the 
hniMii  lai^  (from  Eollikerj  ^. 
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Then   any  bronchial  tube   ia  closed  or  obstructed,   the 

supply  of  air  je  lost  for  all  the  cells  opening  into  it  or  its 
blanches. 

Mechanism  of  Retpiration. 

For  the  proper  unilerstanding'  of  the  mecbanlBin  by 
which  air  enters  and  is  expelled  from  the  lun^,  the  fotloir- 
ing  facts  must  be  borne  in  mind  : — 

ITie  lungs  form  two  distinct  hollow  bags  (communicatiDg 
with  the  exterior  through  the  trachea  and  larynx),  and  are 
always  closely  in  contact  with  the  inner  surface  of  the 
chest  walls,  while  their  lower  portions  are  closely  in  con* 
tact  nith  the  diaphragm,  or  muscular  partition  which 
separatee  the  chest  from  the  abdomen  (figs.  3 1  and  65).  The 
lungs  follow  all  movements  of  the  parts  in  contact  with  them ; 
and  for  the  evident  reason  that  the  outer  suriace  of  the 
luug-bag  not  being  exposed  directly  to  atmospheric  pres- 
sure, while  the  iuner  surface  ia  so  exposed,  the  pressure 
&om  within  preserves  the  lungs  in  close  contact  with  the 
parts  suiTuundiug  them,  and  obliterates,  practically,  the 
pleural  space,  and  must  continue  to  do  so,  until  &om  some 
cause  or  other— say  from  an  opening  for  the  admission  of 
air  through  the  chest-walls,  the  pressure  on  the  outside  erf 
the  lung  equals  or  exceeds  that  on  the  interior.  Any  such 
artificial  condition  of  things,  however,  need  not  here  be 
considered. 

Tot  the  inspiration  of  air  into  the  lungs  it  will  be  evi- 
dent from  the  foregoing  facts,  that  all  that  is  necessary  is 
such  a  movement  of  the  side-walls  or  fioor  of  the  chest,  or 
of  both,  tliut  the  ciipacity  of  the  interior  shall  be  enlarged. 
liy  such  increase  of  capacity  there  will  be  of  course  a 
diminution  of  the  pressure  of  the  air  in  the  lungs,  and  a 
frebh  quantity  will  enter  through  the  larynx  and  trachea 
to  eijuulisc  the  pressure  on  the  inside  and  outside  of  the 
clicst.  For  tho  expiration  of  air,  on  the  other  hand, 
it  is  aiso  evident,  that,  by  an  opposite  movement  which 


MECHANISM  OF  EESPiaATION.  igj 

shall  cxmtract  tlie  capEu:ity  of  the  cheet,  the  pressure  m  die 
interior  will  be  increased,  and  air  will  be  expelled,  until 
the  pressures  within  and  without  the  chest  ara  again 
equaL  In  both  cases  the  air  passes  through  the  trachea 
and  larynx,  whether  in  entering  or  leaving  the  lungs, 
there  being  no  other  communication  with  the  exterior,  and 
the  lung,  for  the  reason  before  mentioned,  remains  under 
all  the  circumstances  described,  closely  in  contact  with  the 
walls  and  floor  of  the  chest.  To  speak  of  expansion  of  the 
chest,  is  to  speak  also  of  expansion  of  the  lung. 

We  hare  now  to  consider  the  means  by  which  ihe  chest- 
can^  is  alternately  enlarged  and  contracted  for  the  en- 
trance and  expulsion  of  atmospheric  air ;  or,  in  technical 
terms,  for  impiration  and  expiration. 

Beipiratonj  Movementi. 

The  chest  is  a  canty  Med  by  the  lungs,  heart,  and  large 
blood-vessels,  etc.,  and  closed  everywhere  against  the  en- 
trance of  air  except  by  the  way  of  the  larynx  and  trachea. 
It  is  bounded  behind  and  at  the  sides  by  the  spine  and 
ribs,  and  in  &ont  by  the  sternum  and  cartilages  of  the  ribs. 
Its  floor  is  formed  mainly  by  the  diaphragm. 

The  immediate  inner  lining  of  all  these  parts  is  the 
outer  or  polished  layer  of  the  pleura  ;  and  this  membrane 
also  is  stretched  continuously  across  the  top  of  the  chest- 
cavity,  and  mainly  forms  its  roof 

The  enlargement  of  the  capacity  of  the  chest  in  inspira- 
tion is  a  muscular  act;  the  muscles  concerned  in  producing 
the  effect  being  chiefly  the  diaphragm  and  the  exUmal 
intercostal  muscles,  with  that  part  of  the  internal  inter- 
costal which  is  between  the  cartilages  of  the  ribs.  These 
are  assisted  by  the  levatores  costarum,  the  serratus  posticus 
superior,  and  some  others. 

The  vertical  diameter  of  the  cheat  is  increased  by  the 
contraction  and  consequent  descent  of  the  diaphragm, — 
the  sides  of  the  muscle  descending  most,  and  tlie  central 

O  2 
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toDilflii  nmainJng  oompanliTiily  tmmorod  while  Ou  m 
lercottal,  and  Olber  muacbw  just  menti(m«d,  b^  wHaf  ■ 
lh«  same  lime,  not  only  prevent  the  dia|kbragin  dvnog  h 
ContrucUon  ttom  dnm-ing  in  tlin  m6n»  tif  thn  tht^tm 
incream  the  diameter  of  the  cliest  in  the  laUrai  diwtfin 
by  tluTutiDg  th«  riliH  ;  tliat  t»  to  saj,  l>y  rotating  Hum,  R 
•[Mwk  roughlf,  around  nn  axis  ptuming  through  tbv 
Menial  and  spinal  att(ichiDeot0,^-fiomewhac  after 
fuchion  of  raisin);  the  handle  of  a  bucket  i^&g.  62). 
is  not  all,  howcm.  Another  cHiW-t  of  the  nmtndii 
the  interooetal  musdos  is  to  increase  the  anteny^MM 

Pi'j.  6J. 


dinmetor  of  tho  tiirst, — \rf  jiartitilly  etrai{;hlening  ant  4* 
angle  between  the  rib  nnd  its  cjtrtilagre,  and  thus  IsngllM- 
ing  tli«  distance  between  its  spinal  lutd  suu-nal  atlarhmw*  | 
(%.  62,  a).     In  this  -KAy,  at  tlie  sain«  titno  tliat  tlunh 
are  raiwd,  tlie  Bt«muni  is  pushed  fonrard.     This  forvsl 
morement  of  the  Rinmiim.   whirJt  is   aoconipanied  I7  a 
slight  uptrard  morement,  is  in  part  accomitlinhcd  aho  bf* 
raising  of  the  nnterinr  extremities  of  tho  rib  cartikgA  1 
which  of  course,  in  any  moToment,  carry  tlio  «t«maiBtd&J 
then.     The  ilifTereuees  iu  shape  and  dirtction  of  the  Vffn 
and  lover  true  nbe,  and  tW  uoto  acute  angloa  fomid  If] 


RESPIRATORY  MOTEMEXTS. 


»97 


janctioD  of  the  latter  witli  their  caitUagw,  make  th« 
:  miKli  grvalLT  at  the  lower  tbao  at  tlie  upper  part  of 
be  cliost. 

Ph.  by  ^  64.t 


The  espansioii  of  tlie  chest  m  inspiration  ppa»entfl  ftomo 

*  Yig,  63  lUter  Halchiniinn).  The  chansDi  of  the  thunu'lc  uid 
■iMtommtl  wftlli  of  till'  tualfl  iluring  rupiration.  Tho  bark  U  aul>]>UHi>>l 
to  bo  fiicij  iu  orJer  to  Ihrtiw  forwonl  tho  rotpiraloiy  movement  db  mutli 
■aiimiblD.  The  outer  black  conlinuna*  linn  in  front  nprHsnts  tU« 
unliuiiy  bnathlnii  niovrmcnt :  lliv  satanor  Ri>n(ln  of  It  bdng  lh« 
U7Uii(lar7  uf  i»>|ilnit4un,  lliu  ixutcnur  niitgiu  the  limil  it  **y\T»,iSo'a. 
Thv  line  u  tliirkvr  iiT«r  lh«  obdonicn,  Eiii«  ttie  unliunr?  implr&Iorj 
mavunvnt  i(  chicDy  «lKlonuiiiJ  :  thin  over  tho  cheA,  for  thi-r«  1*  ItM 
moTcmcnt  orar  tliat  ngion.  Tho  dotlcd  line  bdicntpi  the  movraRMit 
m  dxp  UuplrmCian,  during  vhluli  th«  •tentuin  ailruictt  vbU«  tlw 
sixiccnvn  n«Mla«. 

t  Fig-  64  (aflM  Hulcliinwin).  Tbo  raipiratorjr  muvoiueal  in  the  bmole. 
Tlie  linet  iodiutt  thuuinechim^ci  u  in  tbo  but  Ggure.  TIm  tlili:hncu 
t4  tlt«  ooutinuoun  liuo  over  the  itcrnum  ulinwi  the  luigor  riti'Dt  uf  thn 
ordiauy  brntUng  nnovciDont  aver  tW  ragion  in  the  tetaU«  tluin  in 
Ui«  mak. 


198 


SBSPt&ATTOK. 


IMculiaritiM  in  dtflerest  peraons  aii4  eiRamataiicci.  b 
jmibg  chtiilrvn,  it  in  effected  almost  entirely  T>;  llic  £i. 
phngm,  which  Iwing  highly  tunrJiMl  iu  exptratiniii,  1*«>d« 
Batter  w  it  eoatncts,  and,  dMccinding,  praao  w  lb' 
alxIonuDal  rucen,  and  |>U!ibe«  forit-ard  Uio  ftnot  «aHi  tf 
t)io  atidomon.  llie  momiMnt  of  tlict  bMubuiu}  %A 
bt^inET  Hera  niorfi  manifest  tbao  tbat  of  any  otliiT  pun.  ila 
usual  to  <«U  thiH  Ibc  atifoinind/  inoJr  or  !■//>«  of  nspinOa. 
Id  adtilt  men,  togetbor  trilh  tlio  diMH^nnt  of  tbo  dtapltfipi, 
and  l]ie  pushing  Ibrward  of  llie  front  wall  of  iba  abdoM^ 
tbe  lower  part  of  tli«  rhiMt  and  tbe  ntirmttm  urv  soliJBd  It 
a  iride  moTetnent  in  inspimtion.  Id  women,  tbe  iMif 
inAot  uppeam  lean  exteusire  iu  ibe  low^r,  and  auin  m  ti 
the  npprr,  piirt  of  tho  cbnt ;  a  mode  of  brtiathing  tn  «U 
a  i;Te«t«r  mobility  of  tho  first  rib  is  adapted,  and  «Uih 
nioy  linre  for  il3  object  tbc  prDri-iion  of  atutficinit  apM*  fir 
respiration  whrn  tho  Iowpt  part  of  tho  chest  is  eneroMM 
upoD  by  the  prognnnt  ut«rua.  ftlM.  Beau  and  ^UmnM 
call  tlie  formiir  tbo  vtftrior  coit.tl,  niid  tbe  Inttor  tlw  tajtAi 
cdil'i;,  type  of  respiration;  but  th«  anncst-d  diagninxd 
ex[iluin  tho  (lilTL>Tvn<«  bi^ior  thnu  tbo  nntnca  irill,  fnr  Am 
imply  a  grpnt«>r  dirersity  than  DatliraUy  exists  in  Ik* 
modoK  of  inKpiriitiun. 

From  the  eDlargomcnt  produced  in  iDspirotioa,  the  iAm 
aud  luuga  reluni  in  ordinary  tranquil  expiration,  by  ikit 
elasticity  ;  tUti  fori;r  umployuO  by  Ui«  inspiratory  miuclM  t 
distending  tbe  chest  and  OT«rcoming  tbo  olastio  nsiaUm 
of  tho  bings  and  cliCHt-wtdls,  being  retnmed  an  an  cifin- 
tory  effort  wbem  tho  imi«clc«  aro  ndazed.  This  etuti< 
rwioil  of  the  rib-cartilages,  but  alio  of  tbe  lunga  llitn- 
selvM,  in  (misMpioncn  of  tho  nbutio  tissue  which  t% 
OOUtiun  in  considerable  quantity.  Is  suflloient,  in  ordiuiy 
quii^t  breatliing,  to  exp^l  air  from  the  chedit  in  tho  inWnli 
of  inepirnttoB,  and  no  muscular  ]>ower  is  required.  In  aU 
voluntary  expiratory  efforts,  however,  aa  in  spealdn^ 
ftiugiug,  blowing,  and  tbo  lilcc,  and  in  many  invotuBtny 
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aHioiw  nlco,  u  nriAfuting,  <y>iighing,  etc.,  mrofltliiDg  moro 
than  mrrely  poeaJve  «lnetic  power  is  of  oouree  neoeesary, 
and  the  i)raper  expiratory  muacled  are  broujcht  into  uctiws. 
By  fitr  tho  clu«f  of  IIkho  aro  tlio  nlidumiii*]  muK-les,  vliicb, 
pn?e«ing  on  the  Ttsoem  of  die  abdoinetl,  puali  up  Uia 
or  tlitt  (lii'iil  formM  by  the  diiipliragn),  and  by  thus 
king  prfMiiiti  on  tlio  luitga,  cixpnl  air  from  thom  through 
lie  tTHchea  and  larynx.  All  niuftcles,  Iiowever,  it'liidi  do> 
the  rilis,  must  act  also  ua  luuBdes  of  vxpimtioD,  and 
efor«  wei  must  oiicludo  that  tho  abdomioat  muscles  on 
stssi  in  their  artion  by  die  greater  part  of  the  iulomiil 
Aten'O^.tolii,  thn  IrJiuigtilaria  Mlvriii,  tho  iH>rratiiH  porticus 
nor.  «te.  When  by  the  oiforla  of  the  expiratory  muscles, 
I  cheat  haa  hcoii  wjueezed  to  leas  thau  ita  avera;^!  dia- 
r,  it  again,  on  nrlaxation  of  tho  iniiKC'Icts  returns  to 
Donoa]  dimeDsions  by  virtue  of  its  elasticity.  Thu 
action  of  the  cJieat- walla,  therefore,  adiniriihly  adapt* 
for  recoiling  np.iinst  and  nisiBtiug  aa  well  undue  con- 
tiuii  na  luidue  dilatation. 

As  before  mentioned,  tlm  lungs,  after  distension  in  the 

of  inspiration,  contract  by  virluo  of  the  elastic  tiasun 

rhidi  i«  prtMint  iu  thu  bronchial  tubes,  on  and   liotween 

air-cells,   and  in  tlie  investing  pleura.       Uut   in  tlio 

ntural  coudition  of  the  parts,  they  can  never  contrnvt  to 

utmost,  liiit  are  always  more  or  less  "  on  tJio  stretch," 

Ding  ki'pt  closely  in  contact  with  the  inner  surface  of  thu 

JIk  of  tlio  chiMt  by  atmospheric  pressure,  able  to  act  only 

their  interior,  and  can  contrnd  away  from  those  only 

(hen,  by  some  mi-aua  or  other,  as  by  making  an  opening 

the  pleural  cavity,  or  by  the  effusion  of  Huid  tliere,  the 

»un!  on  tho  esterior  and  interior  of  the  lungs  beoomea 

jnal.     'riiUK,  iindiT  ordiuaty  drcumstances,  the  degree  of 

aniraction  nr  dilatation  of  tlifl  lungs  la  de]»endent  on  that 

of  iJi«  boundary  walla  of  the  chest,  the  outer  surface  of  the 

fl>ne  being  in  cIumi  contact  with  the  inner  aurJace  of  tbe 

■other,  and  obliged  to  follow  it  in  all  its  moTemcutfl. 
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Rfxpirtttory  Hhjftbni. 

Hie  Mta  of  «Kpaiisioa  tnd  ooolraction  of  the  chest,  bib 
up  undor  oniliiuii;  circunwtoiiees  n  ocnrly  wqunl  tiuu^,  ud 
Cftn  Bcarcelj-  be  said  to  be  eoparated  front  each  other  hj 

Th«  act  of  inspiring  air,  hoverer,  cwpot^iulJr  in 
ftod  diildreD,  i^  a  little  aliorter  tlian  that  of  e.Tpellio;  it 
and  them  in  bonimonly  n  very  tJigbt  pause  l>etwM!ii  ibe  «d 
of  pxpiratioa  imd  tho  bcginnmg  of  tho  next   iawpiitm. 
The  resjjitalory  rhythm  may  bo  thna  expre^aed  :— 

Intjiimtion         .        .       '.         .  6 

Expiration     .        .        .         .      7  or  8 
A  T«(y  alight  [aiue. 

Sttpintorif  Mortmrnlt  of  the  Gloltit. 
During  tlio  action  of  tho  tuiisclM  n-Itioh  directly  im 
air  into  the  ch«st,  those  which  guard  tho  opening  tfaro^ 
vkieh  it  enters  ar«  not  jiussire.  [u  hurried  breathing  lie 
instinctiTO  diktatioQ  of  the  nostrils  is  well  stien,  flUh-w^ 
under  ordinary  conditions  it  may  not  bo  iiotjoeahle.  Tie 
opeuiug  at  the  uppur  part  of  the  hiiynx,  howover,  or  linn 
gbttidis  (lig.  65),  is  dilated  at  each  inspiration,  for  lb 
more  ready  poeaage  of  air,  and  mllapaes  somewhat  at  ead 
expiration,  its  ci>ndition,  therefurr,  correBikondin^  dunog 
respiration  with  that  of  the  walls  of  the  chest.  There  h  1 
Airther  likeuDss  lietwt-eu  the  two  acts  in  that,  und«r  otdi- 
nory  circuinetances,  tho  dilatation  of  the  rima  glottidu  ti  ■ 
muscular  act,  and  its  contraction  eliiefly  on  edastiv  nccili 
although,  under  various  couditiuns,  to  be  heroAltor  hud- 
tioned.  there  may  bo,  in  the  contraittou  of  the  glottis,  con* 
siderable  muscular  power  exercised. 


Qaaulity  of  Air  lUtpired. 

Tbe  <]uaDtity  of  air  that  is  changed  in  tlu)  lungs  ia  escb 
act  of  ordiiiiiry  timicjtiil  brcdtbing  is  variable,  aixi  is  ncj 
difflcolt  to  estimato,  because  it  is  hardly  poaaible  to  breathe 

I  Aalurally  wlule,  as  in  au  cx]>erlin«Qt,  oiu;  in  atUiniling  to 

ttbo  prot.'VM.     I'rububly  30  to  35  cubic  indies  nm  n  fair 

in  the  cose  of  healthy  youog  and   middle-aged 

ISO ;  but  Buurgurj'  in  pvrliapit  right  iu  luijriug,  lliat  old 

[jwoplo,  tma  in  hoalth,  hsbitualljr  breathe  moro  deeply, 
and  change  in  each  rcspiiatibn  a  larger  ^uuutity  of  air 
than  youngor  [luniuiia  do. 

The  total  quantity  of  air  vhich  passes  into  and  out  of 
tbe  luiign  of  an  udult,  at  rest,  in  24  liourit,  has  Wm  csti' 

■  mated  by  Dr.  E.  Smith  nt  about  686,000  cubic  inches. 
This  ljuaDtiiy,  liowover,  U  largely  iiicreiuwd  by  exertion ; 
and  the  same  obsofrer  has  computed  tlie  average  amount 

<  ibr  a  hurd- working  labourer  in  thu  aamv  time,  at  1,568,390 

I  cubic  inctuM. 

The  <immlity  which  is  habitually  and  almost  uuilbrmly 
cbaiigvd  in  each  ikI  of  bruutluitg,  in  (sailed  by  Mr.  Hutchin- 
son breathing  air.  The  quantity  over  and  above  this  which 
Ji  mail  can  draw  into  the  lungn  iu  tlie  deopost  irinpirulioii, 

'  he  names  tofiiplemfiitiU  air:  its  amount  is  various,  as  will 
be  preiNintly  shi>vru.  Aftar  ordinary  expiration,  nuch  as 
that  which  expels  the  brtathiwi  air,  a  certain  quantity  of 
air  reuiiuiiia  iu  the  lungs,  which  uuiy  be  t-'xpt^UiHl  by  a 
forciblo  axA  dcopor  expirutioo  :  this  he  terms  reserve  air. 
But,  even  after  the  most  violent  expiratory  elTort,  the 
luiigH  are  not  completely  cmptiod;  a  certain  qiinutity 
always  remains  in  them,  over  which  there  is  no  voluntarf 
ooulrpl,  and  which  may  be  called  Ttsidiuil  air.  lis  amoant 
depends  in  great  measure  on  the  absolute  size  of  the  chest, 
end  him  been  variously  eMtimated  at  Iroui  forty  to  two 
hundred  and  sixty  cubic  inches. 

The  greatest  respiratory  capacity  of  the  chest  is  indi- 
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catcd  )),r  tli«  qiiantity  of  uir  wliitli  a  person  can  oxpd  (rna 
lii»  lungs  by  a  forcible  pxpirnlion  i»ft<T  tlio  deepmt  iiaji- 
ration  that  be  eao  make.  Mr.  Hutchinson  nnmca  tliu  lb 
rilal  eapaeitti:  it  expTMWM  tlio  pnn-cr  wbicb  a  peran  bM 
of  hrnathiiig  in  the  era«rgeiKiiw  of  iicliro  <'xerci«e,  vitdctn, 
(ind  dU^iso :  aiid  in  liealtliy  men  it  varins  aocxn^ng  U 
ttaliire,  tFtiitltt.  nnd  age. 

It  U  found  by  Mr.  Ilutclticaon.  fmm  -^hom  inoet  of  im 
inforiDHtion  on  this  subject  is  derived,  thnt  at  «  tvupm- 
ture  of  60°  F.,  225  cubic  iiicbos  in  thtt  average  nW  mpaiai 
of  a  hcalthj  jtenoa,  firo  fwjt  »prcn  inrh(w  in  httigbt.  ¥t 
•T«ry  inch  of  height  above  this  etaudard  Uie  caparinii 
increaaed,  on  an  avera^  by  eight  cubic  InoJiea;  and  fa 
erery  inch  below,  it  is  dimtniidiml  by  tho  Mime  aiiMwt 
This  relation  of  capacity  to  height  is  quits  indepemdml  (( 
the  absuhilu  capacity  of  tlii^  curity  of  tho  riuiai ;  for  lli 
fubic  contents  of  the  chi?«t  do  not  always,  or  «rcn  gm^ 
rally,  incrcai^  with  the  titature  of  the  body ;  and  a  ftam 
of  Miiiill  ubxohitt!  vaparttyof  f^hi.'Ht  may  li»%'«  n  li>rgneapK% 
of  TiwpirntioD,  nnd  vif  vend.  The  CApncity  of  respiratica ■■ 
determined  ouly  by  the  mobility  of  Iho  n-alla  of  the  duil; 
Imt  why  this  mobility  xhiiiild  ini-renso  in  n  definite  tal» 
with  the  height  of  the  body  is  yet  unexplained,  and  nost 
lie  ditlicult  of  solution,  aei-ing  that  the  heij;;hl  of  the  liad;r 
in  chiefly  ilctcrminod  by  tiiat  of  the  legn,  nnd  not  W  tb« 
heiftht  of  the  trunk  or  the  depth  of  the  tUe«.t,  But  Ihi 
vast  numbur  of  obsorvatious  made  by  Mr.  llatchiaiBB 
seem  to  leave  no  doubt  of  the  fnct  as  stalod  above. 

lite  influODce  of  ueiiihi  on  the  capacity  of  rvapiratiDa  il 
Ian  manifest  and  cousiderable  than  thnt  of  height :  »aA  il 
ia  difficult  to  arrive  at  uuy  definite  concluniona  nn  ihii 
point,  bocause  the  natund  average  wi^iglit  of  a  heabliy 
naa  in  relation  to  stature  has  not  yet  been  (letcnniiMi. 
Ab  a  general  statement,  however,  it  may  b«  aaid  tJuit  iht 
capacify  of  respiration  is  Dot  atfooted  by  veighta  uadtr 
161  pounds,  or  1 1  ^  stouea ;  but  that,  above  thia  point,  il 
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*iA  Aimiaiaived  at  thtt  rate  of  one  cubic  inch  for  tfrtsTj  ad* 
ditionsl  pniicd  np  to  196  pounds,  or  14  rtoiifs ;  so  tilt, 
tar  exnniple,  vlitle  a  man  of  fife  fei>t  six  inches,  and 
irmgh'mg  Iinih  thiui  1 1 1  utoucti,  sliould  bo  able  to  expin 
317  cubic  inches,  on«  of  the  same  height,  wdghtDfc  I2jr 
istone*,  mi|;Iit  expire  only  203  cubic  inches. 

By  a^f,  tlio  capacity  appoitni  to  bo  iiivKOBed  JVom  about 
.0  fineenth  to  tiie  thirty-fifih  your,  at  tlie  rate  of  five 

bic  inches  per  jear,  from  thirty-five  lo  wxly-five  it 
dimiuiRbca  at  the  ruti!  of  uWut  on«  aud  a-holf  cubic  inch 
rpOT  year  ;  so  that  the  cApncity  of  rcspirntiun  of  a  man  of 
■ixty  ye*m  old  would  be  about  30  cubic  inchee  lom  thon 
'that  of  a  Dina  forty  yean  old,  of  tlic  name  height  and 
weight. 

Mr.  Ilulchinson's  obccrrotionA  irwfi  made  almost  ex- 
clusively OD  men ;  and  liia  conclusions  are.  prrlinpn,  true 
of  them  alone;  for  women,  according  to  Bourgery,  have 
only  half  the  capacity  of  brcutliing-  that  men  of  the  same 
age  have. 

The  number  of  respirations  in  a  healthy  adult  peraon 
ally  ranges  from  fourteen  to  eighteen  per  minutn. 

It  is  greater  in  infancy  and  childhood  ;  and  of  eourm 
Taries  muL'h  mtifirJing  to  dtlTi-<rent  rircunistimcsH.  such  as 
exercise  or  rest,  health  or  diaenso,  etc.  Vnriiitioiis  in  tlw: 
.umber  of  respirations  correspond  ordinarily  vitli  similar 
vartalions  in  the  pulsations  of  iho  h<-iirl.  Id  bealtli  tlie 
proportion  is  about  [  to  4,  or  i  to  5,  and  vhen  the 
vapidity  of  the  livart's  at-tiou  in  increased,  that  of  the  cheet 
morenient  is  commonly  ineriMuwMl  aUo ;  but  not  in  every 
case  in  equal  proportion.  It  happens  occasionally  in  die- 
Ma^  especially  of  the  lungs  or  air-pamngea,  that  the 
number  of  respiratory  acts  increases  in  quicker  pTOportioa 
tlian  the  bleats  of  iiia  pulHu:  and,  in  other  alTectioiui,  much 
commonly,  Ibnt  the  number  of  the  pulsea  is  greater 

projwrtion  than  that  of  the  n^pirattons. 

Aocording  to  Mr.  llutchinson,  the /ore*  with  which  the 
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inspiratory  miudM  aro  cnpnMo  of  actiiifr.  is  grtttot  ii 
individuals  of  the  height  of  from  fire  feet  sanvn  indMli 
fiT«  fbct  niglit  indiw,  and  will  vlcrate  a  column  of  (km 
inckefl  of  mercury.  Abovo  this  btiigfat,  the  force  decrem 
as  the  Btatora  increases ;  so  that  the  avong*  of  mcnofn 
feet  can  olorote  only  about  t«o  and  a  half  inches  of  a» 
cuiy.  The  foroe  mamfeeted  in  the  Rtrongeat  vxfmiaj 
acta  is,  on  tliu  UY«nige,  oiiv  third  (greater  than  thnt  «ia- 
cisod  in  inspirntiou.  Dut  Uiis  diiTiTUUco  is  in  (M 
DiVBsure  dtin  to  tho  pov«r  oxnrtMl  hy  the  elastic  nae&md 
Ihe  walls  of  th«  t-he«t ;  and  it  is  also  mticJ)  itifluenciB]  If 
the  dbpropoilioiiate  stren^i  wluch  the  exi>iratory  mankt 
attain,  from  th«ir  boing  colled  into  u»n  for  otluir  psf^aa 
than  that  of  simple  expiration.  The  force  of  the  iiufin- 
toiy  act  is,  tliercforv,  1><^tt«r  adafiliMl  than  that  of  tk 
expiratory  for  testing  the  muscular  strength  of  the  body. 

Thi)  folldwing  talilo  exprMsea  the  re«ulC  of  nunietw 
experiments  by  Mr.  Ilulchinixin  on  tliis  Butij<M:t,  tho  iMi> 
ment  imod  to  s^uge  the  inspiratory  and  expiratory  poOTi 
haag  u  liannadyaamomotdT  (ww  p.  164),  to  whit-li  n 
attached  a  tube  fitting  the  nostiils,  and  through  whidi  61 
jiiKpimtory  or  exjiiratory  tdTort  was  made :— ■ 


Pntttrot 

FuWTTit 

Inaplnttir;  ViikiIbl 

Kcpttiitorjr  HluntH 

I  5  in.    . 

Weak 

3vin. 

3-0  „ 

Ordbuy 

■     35  .. 

3-S  ..      •         • 

Slriinj; 

•     3*5  .. 

j-s ..      •  • 

Very  ulroug  . 

.     4-5  M 

4'S  .>      ■ 

BemArkable 

■    S-S.. 

55  ..        -    ■ 

Very  reiDarkublc   . 

■     7«  .. 

«-o.,     .        . 

Kilnuinllnuy   . 

.     85  .. 

TO,,        .    . 

Viiiy  (ixtntordinsry 

.   «oo  „ 

Mr.  IlutcJiinson  romnrks:—'"  Suppose  a  man  to  lift  bf 
his  inspiratory  muscles  three  inches  of  mercury,  iriM 
muscitlur  etTort  hus  he  used  ?  Tlie  m<?ro  quantity  of  fluid 
lifted  may  be  veiy  inconaiderable  (and  as  aueli  I  hsn 
foimd  men  wonder  they  txndi  not  elevate  more),  but  M 
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ao  tiie  power  cjtcricd,  whwi  wo  noolloct  Uuit  lij<lro«UIJc 
Iav,  wiiicfa  Mr.  firamah  adopted  to  tbe  conetructJon  of  « 
▼erj'  courenient  fireas.  To  apply  tltia  Uw  livn,  tliu 
dinphiagm  aloiM  must  net  tin<l«r  luch  no  i>ffort,  vritb  • 
foit«  equal  to  the  weight  of  a  column  of  memiry  3  mche* 
iu  height,  nod  whoxo  biutn  in  <!oininrriifiiriit»  to  tlio  «n*  ot 
the  diaphragm.  The  area  of  the  base  of  one  of  tbe  cheats 
Hon-  liefi>r«  the  Socivty,  ia  57  atjuarc  invbes;  therefore,  had 
thi«  nan  rnisrd  3  inclioa  of  mcrmry  liy  liia  itinpiratorj 
muadee,  his  diai^ira^nn  ftlone  in  ibis  act  muat  have 
oppoaci]  a  rouKtancv  (mjuoI  to  more  than  33  ox.  on  erctj 
inch  of  that  moscle,  and  a  total  weight  of  more  tbati  S3  lh«. 
Moreo%-cr,  thtt  sides  of  lils  ohest  would  resist  a  pressure  from 
tbe  attuo«>ph<>re  oiguo]  to  tl)«  weight  of  a  cavering  of  mer- 
OU17  tbiee  iadiea  in  thicknese,  or  more  than  23  os.  on  erer; 
iarh  sarliiMi,  wbich,  if  wo  tako  nt  318  sijuare  inches,  th« 
elieat  will  be  found  reaisiing  a  preaeore  of  731  Ibe..;  and 
■Ilowing  the  elaiitic  n'nist)UK«  of  the  ribs  so  I  \  iiidi  of 
merrurj,  tbia  will  bring  tbe  weight  leaisted  by  the  died 
as  follows : — 


ValU  of  tli«  ehcst 
EUitie  foitn 

Total 


»3»  ., 


.    lOjfi 


"  In  TOond  BUBibcrft  it  miiy  bo  niA,  tbat  tbe  [iari«!t» 

of  tlie  thorax  resi«tod   lOOO  tiis.  of  atmospheric  prrasurt^ 

and  tliat  not  counterbalanced, — to   aay  nothing  of  tbe 

elaatie  power  of  the  lungs,  wblch  co-operated  with  tbis 

;p«t«nre. 

"I  wonld  not  veaiture  at  present  to  slate  exactly  tbe 

1^ (distribution  of  inuKCulor  fibre  orer  tbo  tliorax,  which  Is 

called  into  action  when  reaistlng  this  IO46  lbs.,  but  i  tbink 

1  am  sofn  in  stating  that  utoe-ttuiths  of  tlio  tboradc  sur- 

bee  oonspira  to  this  act. 

"  What  ia  bete  said  of  the  muscular  j<art  of  tli«  chest 
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rMlsting  Buci)  a  forcA,  must  sot  be  oonfound^d  with  a  tanta 
aUtem«Dt  of  'two-thinli  htang  lifud  hj  the  in^intn; 
miuules,  and  ooe-Uiutl  leA  dormaut,'  under  a  fonw  e^ 
h)  301  \h#.  In  Uiia  cbmu  the  301  Ibx.  tiro  U/ud :  in  tls 
otlifir,  nui»-tentbs  of  1046  tbs.  are  said  to  be  nnuiMl. 

"  'Hio  gtuwi  Tecoiwr  o(  aa  air-pump  muy  rvtitt  1 5  Um.  « 
tbe  square  inch,  yM  it  may  be  said  to  Uj'l  nothing.  Thii 
i|u«Kitio»  of  the  tliontcio  muscular  Hone  and  reeitfanwv  at 
muscular  distribnlion,  is  rend«rod  i-omplicato  bj'  tii*  fn> 
acDce  of  BO  mucli  osseous  matter  entering  into  the  cnmfwi 
tioD  of  the  chwl,  wliich  can  scarcely  bo  considfirod  to  as 
tile  same  as  muscle." 

The  great  force  of  the  inspiratory  cflbrta  during  apDM 
VIM  well  shown  ID  aonio  of  Ui«  vxpcriments  performed  bf 
the  Medico-cliirurgical  Society's  Committee  ou  SuspwM 
ADtmutioti.  On  inserting  a  glass  tube  into  the  tndisttf 
a  dog,  and  immcming  llio  other  end  of  the  tube  in  a  nmi 
of  mercury,  the  respiratory  elforU  during-  apno;*  iren  m 
great  ns  to  draw-  tie  mercury  four  inches  up  the  luW 
The  i&lluenoo  of  the  wimo  furco  was  sbowii  iu  other  txgt- 
rimcuto,  in  which  ihe  heads  of  auimnhi  were  inuaeod 
both  in  mercury  and  in  lirjuid  plaster  of  Paris.  In  l«k 
cases  [he  uateriul  wns  found,  a^er  destli,  to  have  be«s 
drawn  up  into  all  the  bronchial  tubeit,  filling  the  tisMie  of 
the  lung*. 

Much  of  the  forc«  exerted  in  inspiration  ia  employed  b 
orerooiuiug  Uie  reaiHiunt^o  offered  by  the  plasticity  of  tht 
walls  of  tlie  client  and  of  the  lungs.  Mr.  Hutchinson  Mi- 
mated  the  amount  of  this  elastic  resistanoo,  by  obserrinj 
tho  L-turatiou  of  a  column  of  inercuiy  raised  by  the  rsturo 
of  nir  foni'd,  al^t^  drntli,  into  tho  lungs,  in  (juantity  equal 
to  [hs  known  capacity  of  respiration  during  life ;  and  ba 
cah^uhitud  lliut,  iu  a  man  cujmble  ul'  breothing  20O  catie 
inches  of  air,  the  muscular  power  espendi'd  upon  the  elss> 
ticily  of  the  walls  of  the  chest,  iu  making  the  deepest 
jiurjiirutiou,  would  bo  ci^ual   to   the  raising   of  at  leM 


VITAL  CATACITV. 


»7 


301  pounds  aroinlupob.  To  this  uuat  Ix)  addod  alwut 
150  lbs.  for  tho  oln.ilic  rosistosoo  of  the  lungs  thorn  selves, 
to  th&t  lh«  total  force  to  be  overcome  by  the  mu»l«  in 
the  net  of  iiu|)irii)g  200  vubio  iadiea  uf  air  iti  moru  ibiia 
450  lbs. 

In  lraii<iuil  res]iLrnlion,  suppoaioff  the  amount  of  bKMilh* 
nir  to  \io  twmity  <Tu)>tc  Liiob<!a,  the  nwLiitunoo  of  tho 
of  Uio  cliest  wo(il<:l  be  «<]iuJ  to  liAiDp  more  than 
100  t'ounds;  and  to  this  Diuat  be  added  about  70  pounds 
for  tlio  (Jdntii-ity  of  th«  lim^'s.  Tliti  eUinlio  torvo  orwrrome 
in  ordinary  iiipiration  muiit.  themforc,  bo  equal  to  about 
170  pouDda. 

It  ia  pTobnblc,  that  m  the  (juiet  ordinaiy  rofptration, 
vbich  is  pcrforiDed  witbout  coomiouiuiom  or  effort  of  the 
will,  llie  only  forces  engaged  are  those  of  the  iiiapir.itnry 
muw^liA,  and  tliu  i-luslii^iiy  of  Iho  nnllit  of  tho  cbcst  and 
the  luugs.  It  ia  not  kno^m  under  Tchat  circumstancea  the 
fiODttMtile  power  which  the  brondiial  tubes  puHM--u,  by 
jBeuu  of  their  orgouiv  muacuhu-  Qbrea,  U  brought  into 
action.  It  w  po^ble,  oa  Dr.  R.  IIoll  maintained,  that 
jt  may  exist  in  expiration;    but  it  ia  mure  likely  that 

diief  puipOM!  io  to  n-gulatu  and  mbipt,  in  some  measure, 

I  quantity  of  air  admitted  to  the  lungs,  and  to  each  part 
of  them,  according  to  the  supply  of  blood.  Another  pur- 
pose  probably  survwl  by  iho  miuculnr  fibres  of  the  bron- 
chial tubes  ia  ihat  of  contracting  upon  and  gradually  ex- 
pelling luUectiuiiB  of  utucua,  which  may  have  accumulatgd 
irithin  the  tubes,  nod  cannot  be  i-jiYitod  by  forced  expiratory 
eflortH,  ou-iug  to  collapse  or  other  morbid  coadilioiw  of 
the  portion  of  lung  pruceiidiiij;  fruin  tlte  obstructed  tubes 
(Gninlner]. 

The  muscular  aclion  in  the  lungs,  morbidly  cjccitcd,  ia 
probably  the  chiof  caiLcm  of  tlie  pluinomimu  of  E|)aBmodio 
asthma.  It  may  be  demonstrated  by  galvanizing  the  lunga 
riiortly  after  takio),'  thuui  Iroui  the  body.  Under  such  a 
stimuhu,  they  conitiurt  «o  lu  (u  titt  up  water  placed  in  a 
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tuW  intro^acod  into  Uiu  tnicbM  (C.  J.  B.  VriUUnis) ;  ai 
Volkmaon  tins  shown  that  they  may  bo  roads  to  ooDtract  If 
Btimulating  thoir  n«rvos.  lie  tioil  a  glnas  Uilu,  ibava 
fine  nt  onn  enil,  intn  tho  trnche*  of  a  behoaded  animil: 
and  vben  the  email  end  was  turned  to  tti«  flttoic  nf  ■ 
CADiIlo,  Ii»  galvuniitcd  tlui  piwuinogHstric  tnink.  Eatk 
tima  lie  did  BO  tlM  flame  waa  blow-n,  tuiil  oooe  it  mm 
iAsr/m  out. 

Th9  cbaiigea  of  the  aa  in  th«  lanfT"  efTM^ed  by  thw 
reapiratOTy  movements  are  aBtiialed  liy  tlin  TiiHoa*  «•- 
ditioiM  of  llio  air  itHcJf.  AcoordiDg  to  the  law  obaemda 
llie  diffusion  of  gasee,  the  carbonic  acid  cvolrcd  ui  tlir  ai^ 
oolU  will,  inddjieitdcntly  of  any  TWplvntoty  mintwai, 
tend  to  leavo  tho  luogs,  hy  diiTusing  itAelf  into  the  extunl 
air,  where  it  exists  ia  leee  proportion  ;  and  nocoiding  la 
lbs  name  Inw,  t]i«  oxygea  of  tlio  alniospheric  air  wiQ  leal 
of  itaelf  towards  tlie  air-cella  in  vrbicti  ita  jiroportica  il 
]cM>  tlian  it  ia  iu  tlie  air  iu  the  broncluul  tubee  or  in  Ifail 
cstpmnl  to  lh«  Itody.  But  for  thi«  tendency  in  tlie  ox;^ 
and  carbonic  acid  to  mix  umft>niily,  within  and  n-itliont 
tbc  IiingH,  tite  reitrfe  and  rttidual  air  would,  prubaUf, 
be  very  itijuriouiJ.v  vhnrged  with  carbonic  acid ;  for  tbt 
i««i)iratory  niovemeota  alone  are  not  enough  to  eoqAf 
the  air  cvtin,  iind  jiurhapa  (uc])el  iwXy  the  air  whitli  Mm 
in  the  larger  bronchial  tubes.  I'robabty  alM  the  chaap 
IN  luointcd  by  the  diflt-rent  lemperatiiro  of  the  air 
within  and  «-itbout  tlu!  hitigN ;  luid  \>y  tlie  aciion  of  lb 
cilia  on  the  mucous  membrane  of  the  bronchial  tab^ 
the  continuid  vibmtiuiia  of  wliiuh  may  aeire  to  pnmt 
the  adhesion  of  tlui  air  to  iho  moirt  aui&ce  of  tlw  taMi- 
braiw. 

Movemtftt  of  Blaod  in  the  lUspinttorif  Or^ant. 
To  bo  cxjiomhI  to  tlia  ttir  thiu  alti^mntely  uiOT«d  into  and 
out  of  tho  nir-rrlls  and  minuto  bronchial  tube*,  the  bkod  ii 
pTO^ullud  Iroui  the  r%hL  reutncla  tlirougti  the  pitlsuoiiy 
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riM  ia  Bleary  Btrenms,  and  alowlf  «noa{|;h  to  permit 
minub!  portion  «f  it  to  1h>  for  a  taw  Beconds  exposed 
the  air,  with  only  the  thin  walls  of  the  capin&i7  vMsels 
'  and  aJr-«lU  intervening.  The  pulmonaiy  cintilation  ui 
tho  Nmplwt  kind :  for  the  pidmonary  Bneiy  branches 
rly;  jta  succeaaire  kriuiohea  run  in  Biraight  lines, 
do  not  anaatomosc ;  tlie  oapillarj  ]>lexus  ix  ttoifurmly 
ov«T  the  ftir-CEills  and  intendlulnr  pRsnagva:  and 
[)e  veins  derived  from  it  proceed  in  a  caoree  as  simple  and 
|ttm£)rm  lu  that  of  tlio  nrturiu*,  tJietr  liranclieH  convergiii^ 
at  not  anastomosing.  The  veiiu  have  no  valves,  or  only 
oall  imperftvl  ones  prolonged  from  their  angles  of  junc- 
flion,  and  incnpabin  of  <'loaing  the  orifice  of  cither  of  tho 
veins  between  whicli  thpy  nre  placed.  Tho  pulmonary  cir- 
r  culation  also  is  unaiTi'oted  by  changes  of  atmospheric 
I  prcamro,  and  in  not  exposed  to  tho  influence  of  the  proiwurc 
[of  mosdes:  the  force  by  which  it  is  Accomplished,  and  the 
looorse  of  the  Mood  are  alike  simple. 

The  blood  which  ia  cimveyed  to  the  lim^  liy  the  put' 
nartf  arteries  U  distributed  to  these  organs  to  be  purified 
made  fit  for  the  nutrition  of  all  other  parts  of  the 
f.  Tho  capillaries  of  tho  pulmonary  vcasels  ore  ar- 
agti  solely  witli  reference  to  this  object,  and  therefore 
<  can  have  but  little  to  do  witli  thu  nutrition  of  tlie  lunga; 
at  least,  only  of  those  portions  of  the  lungs  with  whidi 
'  ara  in  intimate  connection  for  another  purpose.  For 
I  nutrition  of  the  rest  of  the  lungs,  including  the  pleura, 
Dterlobular  liH«uc,  bronchial  tubes  and  glands,  and  the 
I  of  tho  larger  blood -vessels,  n  special  supply  of  arterial 
[blood  is  flimiahed  through  one  or  two  bronchial  arteriea, 
Ithebranchss  of  which  ramify  in  all  these  ports.  The  blood 
of  the  bronchial  arteiy,  when,  having  served  for  tho  nutri- 
I  iion  of  tlic.se  parts,  it  has  become  venous,  is  carried  partly 
I  into  the  branches  of  the  bronchial  vein,  and  thenoe  to  the 
'  right  auricle,  and  partly  into  tlie  small  branches  of  the 
pulmonaty  lutory,  or,  mor«  directly,  iuto  the  pulmonary 
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eapillarios,  wIi«dci>.  being  irith  tho  rest  of  Uw  Uood  mtr 
rifllusd,  it  IB  caixied  to  the  pulmoii&ry  Telns  and  Ir^  uii 
of  tltobooTt. 

Chang€$  of  tht  Air  in  Rnpiration. 

By  their  oontoct  in  the  Inage  the  composition  of  both  nr 
and  blood  is  changod.  IIms  alterations  of  Ute  fonoer  hitf 
mani&tt,  nnii>l<!r  tlian  thoao  of  the  lAttar,  aad  !a  hm 
degioo  iUtutrmtiTO  of  th«iR,  nay  bo  oousidcrtid  6rit. 

T1i«  vtnuvphm  we  breathe  htu,  in  every  utuaticB  h 
whirfa  it  has  been  examined  in  ita  natural  t(tat«,  a  na^ 
nnifonn  coiapo«ition.  It  i«  a  mtxtum  of  oxvgeo,  nitropi^ 
carbonic  acid,  and  watay  vapoor,  n-ith,  oonunoiilj,  tiMa 
of  otber  (ptsea,  as  ammonia,  sulphuretted  b^-drogtn,  lit 
Otttvoiy  100  Tolumoa  of  i>uT<)  atmospheric  air,  79  totnH 
(00  ao  average)  coontt  of  nitrogen,  the  remainiog  31  tf 
oxyifco.  The  proporticnt  of  oarbomc  ucid  is  extnn^ 
■mall;  10,000  volumw  of  ntmo^horic  air  cxmtaia  a^ 
about  4  or  s  of  carbonic  acid, 

Tike  quantity  of  watorj*  vaponr  varies  greatly,  aeocndfaf 
to  the  tompenitun;  nnd  other  circumetanow,  but  th»  ifc 
mospbeiQ  is  never  without  some.  In  this  country,  flf 
average  quantity  of  watery  vapour  in  the  iitiiiiiiiphiiii  ii 
I  "40  per  wnt. 

The  chnngee  produced  by  rospiration  on  the  atxaoffkak 
air  are,  timt,  l,  it  'm  vurmed;  2,  its  CArbouie  ncid  it  iD- 
cxoased  ;  3,  its  oxygen  is  diminished;  4,  ita  wnleryn^oB 
ht  increased ;  $,  a  minute  amouut  of  orgauic  matlcr  nd  d 
free  ammonia  is  n(ld<;d  to  it. 

I.  The  expired  air,  lieated  by  its  cootsot  with  their 
terior  of  th«  luugv,  is  (at  loost  in  most  dimatcs)  bMO 
than  the  inspired  air.  Its  temperature  varies  between^ 
and  99}°,  the  lower  tempeTatune  being  obsorwd  «ta 
the  air  has  remained  but  a  short  time  iii  the  lungs,  laftn 
than  when  it  is  iniialed  at  a  very  low  tempcntture ;  fir 
vhatover  the  temperature  when  inhaled  may  he,  tliaiit 
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t\j  aoquircA  tlut  of  tho  Uood  before  it  is  cxpellad  from 
•  ckoet. 

2.  Tk«  (arbonic  luid  in  rttpirtd  air  it  alxaijs  increaitd  ; 

!>ut  tlie  quantity  exlmled  ia  a  giveit  timo  is  subject  to 

nhangc  from  TOriouit  circumitaaoofl.     From  every  Toliime 

vt  air  inspired,  about  4J  per  coat,  of  oxj'gea  arc  almtriurtod ; 

vhile  a  rathei  scialler  quantity  of  corbouit:  ncid  is  added 

its  pln6c.     It  may  bo  stated,  ns  a  general  average  de- 

Jilnced  fixnu  tho  reeults  of  esperimenta  by  VuIouUq  and 

[£nmiiur,  that,  uiidur  ordinary  eiromn.-itutico,  tho  quantity 

\  carbonic  acid  cxlioJod  into  tho  air  breathed  by  a  healthy 

It  man  amounts  to  1 346  cubic  inches,  or  about  C36 

IS  per  hour.     AcL'ordiug  to  tliis  estimate,  which  cor- 

spouds  Tery  closely  with  the  one    furniabed  by  Sir  H, 

|I>«Ty,  and  douo  not  widely  dilTer  &om  those  obtained  by 

I  AUoo  and  repyi>,  Lavoi»icr,  and  I>r.  Ed.  Smith,  the  weight 

[of  carbon  excreted  ixom  tho  lungs  is  about  173  grains  per 

[hour,  or  ntthi^r  mure  than  8  ounoea  in  the  oonrse  of  twenty- 

[>UT  hours.     Uiscrrpiindos  in  tho  reeulta  obtained  by  dif- 

experimenteis   may   be  dae    to   the  variatiout  to 

the  oxbalation  of  carbonio  acid  ia  liable  in  different 

stances;  for  even  in  health  the  quantity  varies  acoord- 

lasg  to  ago,  Hox,  diveisitios  in  tho  resjiiratoty  moreuieata, 

lestemal  temperature,  the  degree  of  purity  of  the  lespireil 

[air,  and  othu-  circumstances.       Each  of  these  deserves  a 

I  bfief  notice,  because  it  affords  evidence  coucemiug  eittier 

yOba  oouTcu*  of  carbonio  acid  exhaled,  or  the  mode  in  which 

;  is  eepaiated  Crom  the  blood. 

a.   hijliunce  0/  Age  and  Set. — According  to  Andral  and 

;  Gavorret  the  quantity  of  carbonic  acid  exhaled  into  the 

■tr  breathed  by  males,  regularly  increases  &om  eight  to 

I  tilirty  yean  of  age ;  &oni  thirty  to  furty  it  is  stationary 

I  or  diminishes  a  little ;  i^om  forty  to  fifty  tlte  diminution  is 

gzwter ;  and  from  fifty  to  extreme  age  it  goes  on  diminish- 

iing,   till  it  scarcely  exceeds  the  quantity  exhaled  at  tCO 

lj«nr«  old.     In  females  (in  whom  the  quantity  exhaled  is 
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aliray«  leas  than  in  males  of  the  same  age)  Ibe  m 
regular  ineroam  in  qiuuitttf  goe«  on  &om  the  eighth  jw 
to  tb«  ago  of  piilwrty,  when  tho  guantltj  ahruptlj  oa 
to  increase,  and  remains  stationary  so  Iod^  iu  ihojtm- 
tinue  to  mcaBtrtiA(«.  W1i«o,  hovcrver,  menstraaticit  ki 
MM«d,  ftitber  in  adruicin^  years  nr  in  pregnuicj',  m 
mov1>id  ammorrlKKn,  the  oxliaUaon  of  corlionio  add  ■gn 
augments ;  bnt  when  meiutniatioii  ceiwes  natandlj,  i 
soon  decreases  again  at  the  aame  rat«  that  it  does  is  dl 
meat. 

b.  Infiutnee  of  Re^iratonf  Mot^mtnU. — Accotdiog  b 
Vierordt,  the  more  quicklj  fhe  raoramenta  of  rM^iinlia 
tat  pcrfonnod,  tho  nnaller  is  the  proportiouate  i[uiii0f 
of  carbooia  acid  contained  in  each  Tolumo  of  the  eifM 
air.  TliuH  li«  fotuid  tlint,  with  six  ix^pirations  per  ninri^ 
tlio  qunotity  of  expired  cart:<onic  acid  was  5  528  per  oaH; 
with  twelre  respirations,  4-362  per  ocnt. ;  with  tratf- 
four,  3355  ;  witli  fortj--«ight,  2-984  ;  und  withninetj'-tt. 
2'662.  Altliougli,  howerer,  the  ptoportiount<;  quaoliljaf 
carbonic  acid  i»  thiui  dimininhcd  during'  frequent  lespin- 
tion,  yet  tho  absolute  amount  exhaled  into  the  air  withal 
given  time  is  increased  thereby,  on-iu^  to  tho  hrgv 
quaritity  uf  air  which  is  breathed  in  the  time-  Thil  h 
the  case,  whether  the  respiration  be  voluutarily  occslaniii 
or  naturally  iucntased  in  frequency,  as  it  is  after  beb^ 
nctivo  exercise,  etc.  By  diminixbing  the  frequency,  ad 
increaaiag  the  depth  of  respiration,  the  per-ceotog*  fn- 
portion  of  <iarbooio  acid  in  tlie  expired  air  is  dininiibd; 
being  in  the  deepest  respiration  as  much  as  I  -97  per  cod. 
less  than  in  ordinary  breathing.  But  fur  this  propoiitiCHit 
diminution  also,  there  is  a  full  compensntion  in  the  gmta 
total  Toltime  of  air  which  is  thus  breathed.  Finally,  fl» 
last  half  uf  a  volume  of  expired  air  oontAins  more  carbonr 
acid  than  the  half  first  expired ;  a  circonulanGe  whidi  h 
explained  by  the  one  portion  of  air  coming  &om  ifca 
remote  part  of  the  lungs,  where  it  has  been  in  mora  in- 
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'^modinto  and  prolonged  ooolAct  with  tlie  blood  Hliaa  Uiv 
other  has,  vrliicli  caca«s  chi«^  fitwa  the  loi^or  bronchial 
tube*, 

e.  iHJluttict  of  tittrnal  Temptmtvrt. — The  obsorrfttions 

madi)  by  ViwnrtU  tA  varioue  temperatures  between  38°  F. 

All  75'  V.  shoir,   for  u' arm-blooded  aDiinal*,  that  wiUiio 

f  this  range,  eveiy  rise  txjtml  to  10"  V.  caiuce  &  diiuinutioQ 

>  of  about  two  cubic  inches  in   the   quantity    of  carbonii' 

I^kI   exhaled  per    minute.       LeI<UUi.-r,  from    txporiuenta 

orined  on  animals  at  tnucli  higher  and  lower  tempera- 

(than  the  above,  also  found  that  the  higher  th«terape- 

'  of  the  Ttupircd  air  (11*  far  na  104°  V.),  tlic  lo-sii  in  the 

I  MOKiunt  of  c-arbonic  acid  exhaled  into  it,  whiUt  the  ncoier 

it  approacb«»  bmo  tho  more  doc«  tho  carbonic  acid  increaeo. 

Tho  gi«ateet  quantity  exhalud  at  tlie  lower  tem|it!ratura9  he 

found  to  be  about  twir»  &»  much  a»  tho  smullcst  vxhalcd  at 

tho  higher  temperatures. 

d,  Staion  of  the  Year. — Dr.  Edward  Smitli  has  sliown 
that  tlie  season  of  the  year,  ind^iendently  oC  temperature, 
alfo  materially  influences  the  respiratory  phenomena ;  for 
with  the  same  temperature,  at  difTereut  seusons,  there  is  a 
grrat  iliveraity  in  the  amount  of  carlwuic  ncid  expired. 
Aooordiog  to  his  observatioas,  spring  is  the  season  of  the 
({T«at««t,  and  iiutumn  of  the  tenat  uctiTity  of  the  rMpirator}' 
I  ukd  otiter  functions. 

*,  Purily   0/  the  Rtipirrd    Air. — The  average  quaulity  of 

oaibonic  acid  givon  out  by  tho  lungs  constitutes  about  4*48 

per  cent,  of  the  expired  air  ;  but  if  the  air  \\\nv\x  is  breathed 

bo  x>^viuu»ly  impregQulcd  with  eiirboaic  acid  (as  is  tho  case 

when  the  same  air  is  frequently  respired),  then  tho  <]uan- 

tity  of  carbonic  ucid  exhalod  becomes  much  less.     This  is 

I  ahomi  by  the  results  of  two  experiments  performed  by 

I  Allen  and  Pejiys.     In  one,  in  which  fruah  air  wait  talum  iu 

I  at  each  respiration,  thirty-two  cubic  inches  of  carbonic  acid 

ware  exhaled  in  a  miuuto  ;  whibt  in  the  other,  in  which  the 

sanM  Air  was  respired  repeat«dly,  the  quttntity  of  carbottic 
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acid  emitted   in  the  same  timo  was  only  9*5  CqUo 

I'lu^  found  also  thitt,  howerer  often  tlie  saniA  air  maj'  tft 

respired,  even  if  until  it  will  no  longer  snrtoin  life,  it  don 

3t  become  diorged  witli  mow  tlian  t*n  per  cent,  of  carbooic 
The  neoessitjr  of  a  consliiut  supply  of  fioaji  air,  hj 
means  of  wjililalioii,  tkrough  rooms  in  which  man}-  poraoos 
are  hreatliing  together,  or  tu  whidi,  &om  any  other  Mtuoe, 
much  cRrhonic  acid  is  cvolviiil,  is  tliua  nrndcrod  obrioiu ; 
fi)r  eren  when  the  air  is  not  completely  irrespintble,  yet  in 
the  eame  pn>])ortion  as  it  is  already  charged  with  oaz^onie 
oicdd,  does  tlie  further  extrication  of  that  gas  &om  the  lungs 
mfifer  liiudranuo. 

/.  Jlygromrtrif.  State  cf  Atmotphtre. — Lehnuum's  obMcnr 
tions  have  shown  that  the  amount  of  oarhouio  aoid  *^*'»'f^ 
i»  conaiderably  influeacod  by  the  degree  of  moisture  of  tl»e 
stmospbere,  mwik  more  being  given  off  v,hoa  tho  air  14 
Inoirt  tliuii  when  it  is  dry. 

g.  Period  of  the  Day. — The  perioi!  of  day  seems  to  exercise 
a  fcliglit  iiifluencu  on  the  amount  of  oarhonic  arid  exhaled 
in  a  given  time,  though  beyond  the  fact  that  the  quanti^ 
exhaled  is  much  less  by  night,  we  are  scarcely  yet  in  a  ])Ott> 
tion  to  state  that  Tariatioas  in  the  amount  exhaled  occur  at 
uniform  pcriorls  of  tho  day,  independently  of  tho  iniluetiice 
of  other  dicunistances. 

h.  Food. — Hy  tho  um  of  food  the  qtianti^  is  incroosed, 
whilst  by  faeHiig  it  is  diminished :  and,  according  to  Reg- 
nault  and  Reiset,  it  is  greater  vhen  anunals  are  fed  on  fari- 
naceous food  tbnn  when  fed  on  nioat.  Spirituous  drinks, 
especially  when  taken  on  an  empty  stomach,  are  generally 
buUcved  to  produce  an  imnieiliute  and  marked  dimiQDtioD 
in  the  quantity  of  this  gas  exhaled.  Itecent  observations 
by  Dr.  Edward  Smith,  however,  ^ulsh  some  singular  re- 
Bults  on  this  subject.  Dr.  Smith  found,  for  example,  that 
the  elfi'iits  produced  by  spirituous  drinks  depond  much  on 
the  kind  of  drink  taken.  Pure  alcohol  tended  rather  to  in* 
crease  than  to  lesa«i  respiratory  cliangcs,  and  tho  amount 
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tlumfbn^  of  carbooiu  acid  expired :  rum,  ale  tmi  porivr, 
also  ohenr,  bad  wty  similar  effects.  On  the  other  band, 
hnodji  whiaky  and  gin,  particularly  tbo  latter,  iihnost 
altrajs  leMencd  the  respiratory  cbaagae,  and  coD»c<]n«ntly 
&»  amount  of  cnrbonic  acid  exhaled. 

.Extmu  and  SU«p. — Bodilg  arercUe,  in  moderation,  in- 
the  quantity  to  about  one-third  more  thnn  it  is 
■test:  and  for  about  an  hour  after  cocemae.  the  volume 
of  dkA  air  Azpired  in  the  miuutu  ia  increased  about  ilS 
oubic  inches ;  and  the  quantity  of  carbonic  acid  aliout  7-8 
cubic  inches  per  minute.  Violent  exercise,  mich  as  full 
labour  on  the  treadwhoel,  still  further  iucrotises,  according 
to  Dr.  K.  Smith,  the  amount  of  the  acid  exhaled. 

I>uring  sl^p,  on  tho  other  hand,  thero  is  a  conaiderablo 
diminution  in  thoquantityof  this  gasorolvod;  a  rosult  pro- 
bably in  great  meoaure  dependent  on  the  tranquillity  of 
breathing :  diroctly  after  walking,  there  is  a  groat,  though 
quickly  tmnsitory,  incioaM  in  the  amount  oxludud.  A 
larger  quanli^  ia  exhaled  when  the  barocaeler  ia  low  tbui 
when  it  ia  higK 

3.  The  Oxi/ym  in  retpired  Air  u  atwai/)  Utt  than  in  tha 
I  air  before  retipLratiuu,  and  it*  diminution  is  generally 
^ptoportionate  |to  the  increase  of  tho  carbonic  aoid.  The 
experiments  of  Valentin  and  Brunncr  seem  to  show,  Uiat, 
ibr  erery  Tolume  of  carbonic  add  exhaled  into  tho  air, 
1*17421  Tolomes  of  oxygen  are  absorbed  irom  it:  and 
that  when  the  avorugn  quantity  of  corbouio  acid,  i.e.,  1 346 
eubic  inches,  or  636  grains,  ia  exhaled  in  the  hour,  thft. 
quaati^  of  oj^geo  absorbed  in  the  same  time  is  i;84cubio 
isohos  or  542  groins.  According  to  this  estimate,  there  is 
mora  oxygon  absorbed  than  is  cxholod  with  carbon  to  form 
carbonic  add  without  L'hange  of  volume ;  and  to  this  general 
ooncluaion,  namoly,  that  the  voluaio  of  air  expired  in  a 
gireu  time  ia  les§  than  that  of  the  air  in^ircd  (ullowanofr 
being  moilo  for  the  expansion  in  being  heat«d),  and  thofr* 
the  I088  is  due  to  a  portion  of  oxj'gen  absorbed  and  not 
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roturaod  in  tfao  exlinlecl  carbomc  acid,  nil  obserrers  agitc, 
though  as  to  the  actual  qoaatlty  of  oxygea  to  absorbed, 
they  difler  evea  widely. 

The  quAulit}-  of  oxff^eii  that  does  not  combine  vitb  the 
carbon  giv«a  off  in  carbonic  acid  from  thi;  lungs,  is  prob&bl; 
disposed  of  in  fonnicg  noma  of  the  Larbooio  add  and  voter 
given  off  irom  tho  akiu,  and  ia  L'omlnning  with  sulphur  and 
pho^horus  to  form  part  of  tli«  acida  of  th«  eulphatoa  and 
phosphates  excreted  in  the  urine,  and  probably  also,  from 
the  experiments  of  Dr.  lience  Jones,  with  tho  nitrogen  of 
the  decomposing  nitrogenous  tissues. 

Tlio  quantity  of  oxygnu  cousumod  seems  to  vary  raudi, 
not  only  in  different  individuok,  but  in  the  same  individual 
at  different  periods ;  thus  it  is  considerably  inClueuocd  by 
food,  being  greuter  in  dogs  wlien  fod  on  furinn<ieous  than 
on  animal  food,  and  much  diminished  during  fasting,  while 
it  varies  at  different  stages  of  digestion.  Animals  of  raaaU 
aze  consume  a  relatively  much  greater  amount  of  oxygOB 
than  larger  ones.  The  quantit}-  of  oxygen  iu  the  atmos]>hero 
Burrounding  animuJa,  appears  to  have  very  little  influence 
on  the  amount  of  this  gas  absorbed  by  them,  for  tho  quan- 
tity consumed  is  not  greater  even  though  an  excess  of 
o:^gen  be  added  to  the  atmosphere  experimented  with 
(Regoault  and  Keiset). 

Th*  Nitrogen  of  tlie  Atmoxphtre,  in  relation  to  the  respira- 
tory prOfcss,  is  supposed  to  serve  only  methanit-iilly.  by 
diluting  the  oxygon,  and  moderating  its  action  upon  the 
eyetem.  This  purpose,  or  tho  modo  of  espresaing  it,  has 
been  denied  by  Lieb^,  on  tlie  ground  that  if  wo  suppoee 
tho  nilrogeu  removed,  the  amount  of  oi^geu  in  a  g^ven 
^ace  would  not  be  altered.  But,  although  it  be  true  that, 
if  all  the  nitrogen  of  the  atmosphere  were  removed  and 
not  replaced  by  any  other  gas,  tlie  oxygen  might  still 
extend  over  the  whole  space  at  present  occupied  by  tho 
mixture  of  which  tho  atmosphere  is  composed ;  yet  since, 
onder  ordinary  circumstances,  oxygen  and  nitrogen,  whoa 
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mixtd  tog«th«r  in  the  tfttio  of  one  TolunM  to  foor,  inodnce 
a  mixture  irfaich  occupies  prcciwoly  Gm  rolumce,  vitli  all 
tho  piopertiM  of  iitmo«pli«ric  aix,  it  must  r«sult  that  a 
ghm  Tolntne  of  aUnoopbeia  dravn  into  the  lungs  oon- 
tains  four-fiftlu  Icm  woight  of  oxygna  thao  an  ec^uol 
Tolume  composed  entirely  of  o^gen.  Tbi  greater  rapidi^ 
tod  brillianojr  vtth  which  combuKtion  gom  on  in  an  atmo- 
vpbere  of  aiygim  than  in  one  of  commoo  air,  and  the 
ineraoaed  rapidity  with  which  ttte  ordinary  effects  of 
miration  are  prvducod  whou  oxjguii  instead  of  atmo- 
■pfaaiic  air  ia  breathed,  ^eeem  to  loavo  do  donbt  that  tbo 
nitrogen  with  which  the  oxygen  of  the  atmoephere  ia 
nixed  haa  tho  ufEcct  of  diluting  thu  g;aa,  in  tho  name  scum 
and  degree  aa  one  pait  of  alcohol  is  diluted  v-heo  mixed 

tvith  four  parts  of  water. 
It  has  boon  often  discussed  whether  nitrogen  is  ever 
absorbed  by  or  exhaled  from  tho  lungH  during  respiration. 
At  pRMDt,  oil  that  con  bo  s»id  va  tlie  suliject  in  that, 
under  meet  circumBtanceii,  animals  appear  to  expire  a  rety 
afluU  quantity  above  tluit  which  exists  lu  tho  inspired  air. 
During  prolonged  fasting,  on  the  contrary,  u  small  quantity 
ai^ears  to  be  absorbed. 

4.   Watery     Vapour   ia,    iindi^    ordiaazy    cir  cum  stances, 
always  exludcd  fiom  tho  lungn  in  breathing,     'tho  'luao- 
i^  emitted  is,  as  a  general  rule,  sufficient  to  saturate  the 
air,  or  very  nvutrly  so.     Its  absoluto  amount  is, 
I,  influenced  by  the  foUowIng  circumstances.    Kintt, 
l>y  tho  quantity  of  air  respired ;  for  tlie  greater  this  is,  the 
pealer  also  will   bo  the  quantity  of  moisture    exhaled. 
SfooncUy,  by  the  quatitily  of  watery  vapour  contained  in 
the  air  prerlous  to  ita  being  incpired  ;  because  the  greater 
this  is,  tho  less  will  bo  tho  amount  rcquirod  to  (umplete 
Hm  satomtion  of  the  air.     Thirdly,  by  tho  tcmporature  of 
the  expired  air;  fur  tlin  liighcr  this  is,  tho  greater  will  be 
the  quantity  of  watery  vapour  required    to   «aturato  the 
air.     Fourthly,  by  the  length  of  time  nhich  each  volume 
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of  inspired  ait  Is  allowed  to  remain  io  the  loi^;  t<a  tt 

edoms  probnlil'!  tliat,  nlthougb  duriog  on]tau7  rc^iratioa 
the  expired  air  is  alvays  saturated  with  watery  rapoor, 
yet  whtax  n»piraliau  is  perfonned  rerj-  rapidly  the  air  hu 
ecaroely  timo  to  be  raised  to  the  highest  totnperatura,  or  be 
fully  diargctl  with  moisture  ere  it  is  expelled. 

For  oriliiiary  cases,  however,  it  may  bo  helil  that  the 
expired  air  is  saturated  with  watery  vapour,  and  hence  is 
derivable  a  means  of  estimating  the  quantity  exhaled  in 
anj-  given  time  i  namely,  by  mibtracting  tho  yuaiilily  com. 
tained  in  the  aii*  inspired  from  the  quantity  which  (at  tbe 
barometric  pressure)  woidd  saturate  the  same  air  at  the 
temperature  of  expiration,  which  is  ordinarily  about  99*^, 
And,  on  the  other  hand,  if  the  quantity  of  walet;  vs|)0tir 
in  the  expired  air  be  estimated,  the  quantity  of  air  itwlf 
may  irom  it  be  determined,  being  as  much  as  that  quantity 
of  watury  vapour  would  saturate  at  tbe  nscertained  taii> 
peratiire  and  barometric  pressure. 

The  quantity  of  water  L-xholed  from  the  lungs  in  tweo^- 
four  hours  ranges  [according  to  the  various  modlffing  ai- 
cumetances  already  mentioned)  from  about  6  to  2^  omtoee, 
tbe  ordinary  quantity  being  about  9  or  10  ounces.  Some 
of  this  ta  probably  formed  by  the  combiuatiou  of  th«  excoaa 
of  oxygen  absorbed  in  the  lungs  with  the  hydrogen  of  the 
blood ;  but  the  far  larger  proportion  of  it  must  be  the  men 
exhalation  of  the  water  of  the  blood,  taking  place  from  the 
surfaces  of  tbe  air-passogee  and  cells,  as  it  does  from  the 
free  eurfocos  of  all  moiat  animal  membranes,  particularly 
at  tile  high  tcmpernture  of  warm-blooded  aniinals.  It  IB 
exlialod  frvim  the  lungs  whatever  be  the  gas  re^ured,  con- 
tinuing to  be  expelled  even  in  hydrogen  gas. 

5.  The  Rev,  J.  B.  Iteade  showed,  some  years  ago,  aod 
Or,  Richardson's  experiments  confirm  the  fa«;t,  that  am* 
monia  is  among  tbe  ordinary  constituents  of  expired  air. 
It  seems  probable,  however,  botli  from  tho  fact  that  thia 
mbstOQce  cannot  be  always  detected,  and  from  ita  miaulc 
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amount  when  present,  that  the  wliolo  of  it  ma;  be  ilorircd 
from  decomposing  partidcs  of  food  luft  in  the  month,  or 
from  cuioua  teeth  or  the  like ;  and  that  it  is,  thcrefbce, 
obIj  on  Bocidantal  oooMitueiit  of  iucpir«d  air. 

The  qoutify  of  o^aaic  mttttor  in  tho  breath  has  been 
Iat«ljr  inT«»tigated  hy  Br.  Bonsoino,  who  citloululee  that 
■boot  3  grains  are  givon  off  from  tho  ]\xags  of  nn  ndult  in 
tweoty-four  hours, 

Chatijfn  produced  in  the  Blood  by  Uttpiration. 

The  most  obrioua  change  which  the  blood  undergoes  in 
ita  pwaa^  through  tlie  lungs  ia  that  of  colour,  the  dark 
[  erimion  of  Tonous  blood  being  excliimged  for  ihu  bright 
ecariet  of  arterial  blood.  (The  drcumstancea  which  have 
,, apposed  to  give  rise  to  this  chaiigi.*,  the  conditions 
P<i|HW^f  of  rEToding  it  indopondcut  of  n.-spirntiou,  tmd  some 
other  differences  between  aiterial  and  venous  blood,  wore 
iu  tlie  chapter  on  Blood,  p.  85]: — 2tid,  and  in 
with  tlie  preceding  change,  it  gitius  oxjgon; 
3nf,  it  loses  carbonic  acid ;  4fh,  it  becomes  1°  or  2°  F. 
warmer ;  5(/i,  it  ooagulates  sooner  and  more  firmlj,  and, 
iq>pa«tttt!y,  coiitnitis  more  fibrin. 

The  oxygen  absorbed  into  the  blood  from  the  atmospheric 
air  in  tlie  ttuigs  is  combined  chemically  \vith  the  hemo- 
globin of  tho  red  blood  corpuscles.  In  this  (.onditioa  it  is 
earned  in  the  arterial  blood  to  the  various  parts  of  the 
body,  and  with  it  is,  in  tho  capillary  system  of  vessels, 
brought  into  near  relation  or  contact  with  the  elementary 
psrtB  of  the  tissues.  Ilorein,  co-operating  probably  in  the 
proccM  of  nutrition,  or  in  the  removal  of  disintegrated 
parts  of  the  tissues,  a  coTtain  portion  of  tho  oxygeu  which 
the  aiterial  blood  cont^ns  di«appi?ars,  and  a  proportionate 
qnonti^  of  (carbonic  add  and  water  ia  formed. 

But  it  is  not  alone  in  tho  disintegratuig  proceescs  to 

I  iribjch  oil  porta  of  the  body  are  liable,  that  oxygen  is  nm- 

ted   and   carbonic   acid   and  water  are  formed   in  its 
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consumplioa.  A  liko  prooesa  oocura  in  tbe  blood  itself, 
iadoiHMKluntlj  q(  tltn  dtfoay  of  tlio  tiuuos;  finr  on  tb« 
continuatico  of  suck  chemical  proceases  dopood,  direcdj 
or  indirectly,  not  only  tlio  temperature  of  tUo  body,  but 
all  tlio  force*,  ttia  nervous,  tbc  miuculor,  and  otlieia, 
muiifwlod  by  Urn  living  organism. 

The  vcnoiu  blood,  contaiuiu^  tlie  Qew-formed  oarbouB 
acid,  returns  to  tho  lungs,  whoro  a  portion  of  th«  ovboaie 
acid  14  exh&led,  and  a  fresb  supply  of  oxygea  is  i^ain 
taken  in. 


ileehanimt  o/  Varioiu  Betpiratory  Actions. 

It  will  be  well  bere,  perhaps,  to  explain  some  respiratoiy 
nets,  vblch  appoar  at  lirit  Kiglit  Hoinnwhut  complicated, 
but  cease  to  bo  so  when  the  meclianiaoi  by  n'hich  they 
ure  performed  Li  cltorly  understocid.  Tbe  accompaujing 
diagram  (lig.  65)  shows  tlint  tlio  cavity  of  tbo  cluMt  is 
separated  from  that  of  the  abdomen  by  tbe  diaphra^, 
whivh,  when  at-tlng,  will  leason  Its  cur\-c,  and  Uiiui  des- 
cending, wilt  push  ifoimwfin^  and  Jorirarda  Xba  nbdonintl 
viEccra ;  wliile  the  abdominal  musdes  have  the  oppo^te 
effect,  und  in  acting  will  push  the  viscera  upwanlt  and 
biichfiird,  and  with  them  the  dinphragWr  suppo&ing  its 
ascent  to  be  not  &om  any  cause  interfered  with.  From 
tbe  eamf  diagram  it  will  be  seen  that  the  lungs  commuiu- 
cate  with  the  exterior  of  the  body  tlirougli  the  glotli^  and 
liirther  on  through  the  inoulh  nud  nostrils  —  through 
either  of  thom  separately,  or  through  boHi  at  the  same 
time,  according  to  tlie  poaitton  of  the  soft  palate.  The 
stomach  communicates  with  the  exterior  of  the  body 
through  the  tesophagus,  pharynx,  and  mouth ;  vrhiUt 
below,  the  rectum  opma  nt  the  anus,  and  the  .bladder 
tlirougli  the  urethra.  iVll  these  o|>eniiigs,  through  wbidi 
the  liollow  vis(«ra  communicate  with  the  exiorior  of  tho 
body,  are  guarded  by  muscles,  called  sphincters,  wluch  can 
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act  indepeodently  of  eacli  other, 
is  indicated  in  the  diugnini. 

Let  tu  tfike 
first  tho  simple 
not  of  tighiny. 
In  tliia  caw 
thcro  ie  a  rath«r 
prolon)^  ia- 
Hpiratory  efibrt 
by  the  dia- 
phragm and 
miiw.l™ 
led      iu 

spiration  ; 
the  air  almost 
noiaeleaaly  paa- 
sing  in  through 
the  glottis,  and 
by  the  elastic 
recoil  of  thii 
lungs  and  chest- 
trolls,  and  pro- 
bably also  of 
the  abdominal 
walls,  boJQg 
rather  suddeidy 
«xi<oUed  again. 

Nov,  in  the  first,  or  intpiratonf  part  of  this  act,  tha 
descent  of  the  diaphragm  presses  the  abdomiQal  TiM^era 
downwards,  and  of  roiir;©  this  pressure  teodii  to  evacuate 
the  contents  of  such  na  communicate  vith  the  exterior  of 
the  body.  Inoemuch,  however,  as  their  varioiu  openinga 
ore  guarded  by  sphincter  muscles,  in  a  state  of  constant 
tonic  contraction,  thoro  is  no  escape  of  tlieir  contents, 
and  air  simply  enters  the  lung«.  In  the  second,  or  4jpira- 
toiy  part  of  the  act  of  sighing,  there  ia  also  preosiire  piade 
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on  tliA  nMamlnAl  fUcera  in  tlio  oppodte  direction,  by  tlie 
elastic  or  muscular  recoil  of  the  aMominal  waUs ;  but  tbe 
Itreesure  is  relieved  by  Ibe  escape  of  air  tlirougb  the  opea 
glottiv,  and  tlu>  mluxMl  dtuphrngm  is  puitlietl  up  aguin  into 
its  original  positioD.  Tho  Ephincters  of  tho  atomacb, 
rectum,  and  bladder  act  as  befoi^ 

Hiccough  resemblfis  sighing  in  that  it !«  an  iiiHpiratoiy 
a<it,  but  tho  inspirntioii  is  sudden  instead  of  gradual,  from 
tlie  diapfaragin  acting  ftuddenlj-  and  spasmodically;  and  the 
air,  thor«fore,  suddenly  rushing  through  tiwi  unprvporad 
nma  glottidis,  coustis  ribration  of  tho  vocal  corde,  and  tfae 
peculiar  oound. 

In  tho  act  of  coughing,  there  is  moat  oftna  find  an  is> 
spirntion,  and  this  is  followed  by  an  expiration ;  but  when 
the  lungs  have  been  filled  by  the  preliminan-  inspiration, 
instead  of  the  air  IxTing  easily  let  out  again  through 
Qie  glottis,  the  latter  is  momentarily  closed  by  the 
approximation  of  the  vocal  cords;  and  then  the  abdo- 
minal nuBcIeft,  xtrongly  acting,  pusli  up  the  nseora 
against  the  diaphrngm,  and  thus  make  pressure  on  th« 
air  in  the  lunge  until  its  tension  Is  eutficicnt  to  bottt 
open  noisily  the  vocal  cords  which  oppose  its  outward  paa- 
Bttgo.  In  this  way  a  considerable  force  in  oxcrcUeil,  aad 
mucus  or  any  other  matter  that  may  ncod  expulsion  from 
the  lunga  or  trachea  is  qiuLkly  and  sJiarply  ex[)ul]ud  by 
the  out-streaming  current  of  air. 

Now  it  is  evident  on  referenco  to  tho  diagram  (fig.  65), 
that  pressure  exercised  by  tho  abdominal  muscles  in  tho 
act  of  coughing,  acts  as  forcibly  on  the  abdominnl  viscnra 
as  on  tlie  lungs,  inasmuch  as  the  viscera  form  the  medium 
by  which  the  upward  pressure  on  the  diaphragm  is  made, 
and  of  necessity  there  is  ^ia  as  great  u  tendency  to  the 
expulsion  of  tlieir  contents  as  of  the  air  in  the  lungs. 
The  instiactivo  and,  if  necessary,  voluntarily  increased 
contraction  of  the  sphincters,  however,  proventa  any 
flBcape  at  tlie  openings  guarded  by  them,  and  the  pna- 
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Rtiro  U  e^dlTfl  at  one  part  only,  namely,  tho  lima  glot- 
tidis. 

The  same  temarks  that  apply  to  coughing,  aro  almost 
exactly  applicable  to  the  act  of  mttting ;  but  in  this  ia- 
staon  th«  hUm  of  tiir,  oa  escaping  from  the  lunga,  ia 
•lincted  by  tm  iastiiictive  contraction  of  the  pillars  of  the 
nuicea  aod  descent  of  the  soft  palate,  chiiJly  through  the 
DOM,  and  any  ofFiinding  matter  ia  tlienoe  esptiUed. 

In  the  act  of  vomiting,  as  In  cougliisg,  there  la  fi»t  an 
iotjuration;  the  glottis  Itt  then  dosed,  and  immediiitely 
aftenrnrds  tho  abdominal  mtmdeR  strongly  act ;  but  hero 
oc«u»  the  dlfierenoe  in  th«  tvo  actions.  Instead  of  the 
TOOol  cords  yielding  to  tho  action  of  the  abdominal  raus- 
Ifa^  recoain  [tightly  dosed.  Thus  the '  diaphragm 
noahle  to  go  up,  forms  on  unyielding  surface  against 
which  the  atomacb  can  be  pveesed.  It  is  fi^d,  to  use  a 
teohnicxl  phiaMK  At  the  same  time  tho  cardiac  sphincter 
beong  relvrod  while  the  pylorttt  is  closod  (see  fig.  63),  and 
th«  ttonuidi  ilsfilf  also  contracting,  the  action  of  the  abdo- 
minal muscles,  by  these  means  assistod,  expels  the  contents 
of  the  organ  through  the  coaophagus,  pharynx,  and  mouth. 
Hio  TVTvnM.*d  porlslaltio  action  of  the  tesophagus  probably 
increoMstlui  effiMt. 

In  the  act  of  voluntary  expulsion  of  urine  or  fiocee, 
then)  is  first  an  inspiration,  as  in  coughing,  sneezing,  and 
Tomiting;  the  glottis  is  then  dosed,  and  the  diaplirngm  tixed 
as  in  Tomiting.  Now,  hov^rer,  both  tho  rimn  glottidis  and 
the  cardiac  opening  of  the  stomach  remain  closed,  and  the 
■phinctiir  of  the  bladder  or  rectum,  or  of  both,  being  re- 
laxed, the  erscnation  of  the  contents  of  these  yiscera  takes 
placo  Moordingly ;  the  effect  being,  of  course,  increased  by 
the  muscular  and  elastic  contraction  of  thoir  own  walls. 
Aa  before,  Hiere  is  as  much  tendency  to  the  escape  of 
the  contents  of  tlie  lungs  or  stomach  aa  of  the  rectum  or 
bladder ;  but  tlio  pressure  is  relieved  only  at  tlio  orifico, 
the  sphincter  of  vhich  iustinctirely  or  iuToluntarily  yields. 


A 


224 


RESPIRATIOK. 


lu  ail  tliese  expulsive  nr-tions  tho  tlinphimgra  in  qni' 
prkfsivo;  tmd  when  it  i»  JixtA,  it  ia  in  c(in8equ«<nc«  of 
the  dosure  of  th«  glotlXa  (which  bjr  preroatitig  tbs  exit  of 
nir  &om  tbo  lungs  prevcnls  lU  iipirarA  movxjmoDt),  not  from 
any  exertion  on  its  own  part. 

In  fbnudes,  during  parturition,  almost  an  exactly  aimilu 
action  occurs,  ao  for  as  the  diaplira^fm  and  alidomioal 
walln  aro  concerned,  tn  llmt  wjiicli  tnkott  pinco  in  a  strain- 
iog  effort  at  espuleion  of  urine  or  fiec«e.  The  contraclion 
of  the  alerus,  howerer,  is  hotlt  rolatavely  and  absolutdy 
more  pon-crful  than  that  ol'  the  bladder  or  rectum,  although 
it  is  greatly  assisted  by  the  inspiratory  effort,  by  the  fixing 
of  the  diajdmigTa,  and  by  the  action  of  the  utidonunal 
muaclep,  ns  in  the  other  act«  just  described.  In  parturi- 
tion, as  in  vomiting,  the  action  of  the  abdominal  muscles 
is,  to  a  great  extent,  involuntary — more  no  thnii  it  L'Om- 
monly  is  in  the  expulsion  of  ffoces  or  urine ;  but  in  these 
latter  instauues  also,  in  cases  of  great  pain  and  difficultr, 
it  may  ceaso  to  be  a  voluntary  act,  and  bo  quite  beyond 
the  control  of  the  wUL 

In  si>eakxng,  there  is  a  voluntary  espulrion  of  air  throu^ 
the  glottis  by  means  of  the  abdominal  muscles ;  and  the 
vocal  cords  are  put,  by  tho  muscles  of  the  Wynx,  ia  a 
prDjier  position  and  state  of  tension  for  vibrating  as  the 
air  passes  over  them,  and  tlius  producing  sound.  The 
wund  is  moulded  into  ^vords  by  the  tongue,  teeth,  lips, 
etc. — the  vocal  cords  producing  the  sound  only,  and  liaving 
nothing  to  do  with  artimlnlian. 

Sirjifiag  resembles  epeahing  in  the  manner  of  its  pro- 
duction ;  the  laryngeal  musck-s,  by  variously  altering  the 
position  and  degree  hI'  teusaon  of  the  vocal  cords,  pro- 
ducing the  different  notea.  Worda  used  in  tlio  act  of 
singing  are  of  course  framed,  as  in  speaking,  by  the 
tongue,  teeth,  lips,  etc. 

8niffin;i  is  produced  by  a  somewhat  quick  action  of  tfa« 
diaphragm  and  other  inspiratory  musclee.     The  mouth  is, 
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boirerer,  doeed,  and  by  theee  means  the  whole  straaiu  of 
sir  u  niiulo  to  ou(«r  hy  llm  noNtrilH.  I'lm  ului  nniii  oro, 
commonl}',  at  the  same  time,  instinctiTely  dilated. 

SuekiHtf  U  nut  properly  a  rcspirutory  act.  but  it  luay  lio 
nott  eonvdni«titJy  4iotiaiilertKl  ia  thin  pLico.  It  is  (ntiMiil 
chiefiy  by  the  depressor  niusdcs  of  the  os  hyoides.  These, 
by  dm«riu){  douuvranlH  luid  iMii'livriirclit  tlic  Umgwt  rud 
floor  of  tli«  mouth,  produc«  a  partial  vacuum  in  the  latter; 
and  the  wei)>ht  of  the  atmosjiherH  then  ai.'tiu^  ou  nil  flidui 
(eoib  to  prudiK«  ccjuilibriutu  on  the  inside  mid  outftido  of 
tb»  mouth  sa  betit  it  may.  The  commuoicatioQ  between 
tlu)  month  aad  pbju^-nx  i»  i-»miilel<r!y  oliut  otf,  probably 
by  tho  rontnurtioD  of  tho  pillurs  of  tho  Koft  palate  and 
deaceot  of  the  laltw  bo  as  to  touch  the  back  of  the  tooffue ; 
■nd  the  Ufjuiltbrium,  tluiriiforc,  can  be  r<Mti:m!<l  only  by  tho 
aDtnmoe  of  something  through  the  mouth.  The  aclioo, 
indeed,  of  the  tongue  and  floor  of  the  mouth  in  auddng 
may  ho  Mmparod  to  that  of  the  piston  iu  u  syringe,  and 
Qm  atiucles  ThicJi  pull  doim  tho  o«  hyoidos  and  tongue, 
to  the  power  which  draws  the  handle. 

1b  the  preoiiding  account  of  rospiratory  notions,  tlio 
diaphrai^  and  abdominal  muscles  have  been,  as  tht>  chief 
aitudea  engaged  and  for  tho  noko  of  clearness,  almont  alouo 
rt-ferred  to.  Uut,  of  course,  in  all  inipiralory  actions,  thA 
other  muncJes  of  inRpimtion  (p.  195)  ixio  also  luoro  or  leaa 
tngn^od;  and  in  expiration,  the  abdomiuni  muxctc*  are 
aeiatod  by  others,  previously  enumerated  (p.  K/j)  as 
gtoujwd  in  tiction  with  tluim. 


iHjiwna  of  Ike  Nereoui  Syntem  in  Ite^iration. 

IJlie  all  otitic  fuuctious  of  the  body,  the  discharge  of 
whkJi  is  neoestory  to  lif<t,  ri,iKi>iriition  must  be  iNuumliiklly 
OS  involuntary  act.  Klee,  lil'o  would  be  iu  I'oustaut  danger, 
and  would  cuaso  on  the  loaa  of  wusciousness  for  a  few 
mofDentSr  emn  in  sleep.  Hut  it  is  also  ueoesiiaiy  tltat 
^nnjntiou  should  be  to  some  extent  under  the  control  of 
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tho  will.     For  were  it  not  eo,  it  would  be  tm[MMl 
perform  tlioiui  vi>luutarY  n!S|j)ratoT}'  acta  which  hurfi 
just    ettuiUG<ratoil    nnil    oxpluined,    as    speaking,    sin; 
Btroiniii^,  and  tlie  like. 

Tlic  rcapirutory  movements  and  their  n^ilar  rhythm, 
BO  &r  as  they  nre  invnluutniy  nn<l  iiidopondetit  of  ooa- 
Bcioumcas  (aa  on  all  ordiuary  oecaaiona  tliey  are),  seem  to 
be  luidor  the  absolute  governance  of  the  modnlla  oblon- 
gata, which,  as  a  norvoua  centre,  rooeivea  the  impretwon 
of  tlio  "  nwessity  of  breathing,"  aad  rtffli«ta  it  to  tlie 
phicmic  and  vMtii  olhtr  mnlor  nerves  as  will  bring  iaio 
co-ordinate  and  adapted  action  the  musclea  neoeesaiy  to 
inspiration. 

Id  the  coiFn  of  voluntary  respiratory  act«,  we  tn^ 
beliovo  that  the  brain,  aa  well  as  ike  medulla  oldungata, 
i«  OTigngod  in  the  protuss ;  fur  wa  have  no  evidence  of  the 
mind  exercising  eithi?r  perception  or  will  through  any 
otlmr  organ  than  the  brain.  Itut  even  wlion  th«  brnia 
is  thus  in  actiDn,  it  appears  to  be  th«  medulla  oblongata 
which  t^ombiaea  the  several  respiratory  musclea  to  act 
togttthnr.  In  such  acts,  fur  example  as  tbose  of  cough- 
ing and  sneezing,  the  mind  first  perc«ivoH  tho  irritatioa  at 
tlifl  hiryiix  or  nose,  and  may  exereiae  a  certain  dtgrea  of 
will  in  drtorminiiig  the  a<-tion»,  asi.;/.,  in  the  taking  of 
tlie  deep  iaspiratiou  which  always  precedes  them.  But  the 
modo  in  wliich  the  a<'ls  are  perfoimeil,  and  the  combi- 
nation of  muscles  to  ellect  them,  are  determined  by  the 
medulla  oblongata,  independently  of  the  will,  and  havo 
the  peculiar  charaeter  of  reflex  involuntary  movumenbi,  in 
being  idwayn,  and  without  practice  or  exjieriencc,  ^«ciB^ 
adapted  to  the  end  or  purpose. 

In  tliese,  and  in  all  the  otlier  extraordinary  rospiratory 
actions,  such  as  are  seen  in  dyspnura,  or  in  straining, 
yawning,  hiccough,  and  others,  the  medulla  oblongata 
brings  into  adapted  combination  of  action  many  other 
nufivles  boaidea  those  commonly   eixorted   in   respiration. 


Almott  all  tlto  musdos  of  Iho  hody,  in  TioWt  efibrta  <^ 
<l7»paa?a,  couj^hing:,  and  the  like,  may  bo  brought  into 
ftction  ut  orico,  »r  in  qui<:k  >wK«!iaton ;  but  mom  piirtlcu* 
ihtly  the  muscles  of  the  larjiix,  {ac«,  scapula,  spino,  and 
ttbdomeu  oci-opertita  in  theae  eObrU  with  tho  mujwlcs  oftbo 
dumU  Thtee,  thcroforo,  nin  often  oloeBod  as  sccoDdory 
jDUfldes  of  reeptratiou ;  and  the  Denes  supiitjiug  lh«m, 
induiling  especially  tho  fnvinl  pnoumogiutri?,  RpiDoI, 
Booessorj-,  nnd  external  respiratory  nerves,  were  classed 
by  Sir  Chorli'S  liull  with  ibo  plirvnic,  as  the  respiratory 
qntom  of  nerves.  Ther«  appean,  howuvor,  no  propriety  in 
making  a  aeparato  eyvUia  of  these  nenea,  since  tJieir  mode 
of  nrtion  is  not  peculiar,  and  matiy  besides  them  <x>- 
operate  in  tlio  rcHpiratoiy  acts.  That  which  is  peculiar 
in  the  oeiTOUR  influvnixi,  directing  tlio  exlruordiiiary  movo' 
meute  of  respiration,  is,  that  so  many  nenva  nro  <vm- 
biaed  towards  one  ptir)iose  by  tho  powoi  of  a  distinct 
^Jierroos  oontrc,  tho  modiiUn  oblongata.  Id  othiir  than 
ory  morements,  these  nerves  may  act  singly  or 
r together,  witlioiit  tli«  inedulht  oblongata;  but  after  it  is 
^dottroyod,  do  morcmont  ailnpt«d  to  rcn^iiratioD  can  bo  jkt- 
ribraied  by  any  of  the  muscles,  even  though  the  part  of  the 
apiool  ooird  from  which  tlu^y  ortae  be  perfect.  The  phrenic 
aervM,  for  example,  nro  unablo  to  oxcitct  rccpiratory  movis 
ment  of  tlio  diaphragm  when  their  connection  with  the 
lulls  oblongata  is  cut  off,  though  tliuir  cuuuectlon  with 
I  spinal  oord  may  be  uninjured.* 

EffteU  lifthe  Susjitntion  atui  Arrest  of  lUtpiratitm. 

Thcso  itaurTO  «onio<!au«idertitioD,  becuuM!  of  the  illustra- 
tioD  wliich  they  alTord  of  the  natitn^  of  tho  normal  procoesoa 
of  rcapimtion  and  circulation.  When  the  process  of  re«pi- 
mtion  is  stopped,  either  by  arresting  tbo  respiralory  move* 


*  Tbp  iunu«ui'«  of  thu  nirvnna  syntviii  iii  iv>pintiiaii  viiU  bo  a|[*Jn  mil 

■rare  fartjculatljr  eouKidsntil  !u  Iho  aecliou  Irualln);  of  tha  Dtiululla  «U 

__imgf/t*  oad  pocomtigistiio  ncn'o«> 
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toenta,  or  pennittiiif;  tliem  to  <ynilina«  in  ui  atmmiplMr* 
deprivrd  of  tint-omliiniM]  oxygnn,  tho  rirculntion  of  blood 
tbrougli  the  liings  is  retarded,  and  at  leofrtb  Btopi>«4.  Hie 
immwliuU)  «fiV«t  of  nicli  t«lardi4  dn-uUtiog  ia  ua  otiftrac- 
ttoii  to  tho  rxil  of  blooil  fiYini  tKo  right  ventricle :  this  i* 
followed  by  Aeiaj  in  the  tetara  of  raioas  hlood  to  the  keut; 
and  to  tliiseuneudfiTODouscongwrtionof  th«iii>iTouscentrw 
and  ill  tho  othw  orgnnfl  of  tha  body.  In  such  retardatkn, 
also,  an  UDOHia]];  small  siipplj  of  klood  a  tiuuHniillM 
thnmgh  tho  Itaig*  to  the  lult  aido  of  tho  heart ;  and  ilua 
anall  quantity  is  t«dous. 

The  coQditioD,  then,  iu  irbicfa  a  BufTocaiMl,  or  asfiliyxi- 
Btcd  oniuud  diutt  iit,  commonlj,  tliut  tlio  loft  ud«  at  the 
heart  is  nearly  «mp^,  while  the  Inngs,  ritcbt  aide  of  the 
lieort,  and  other  organs,  are  gorgt^d  iriib  Twnous  blood. 
To  this  condidon  many  things  contribute.  i#t.  The  ob- 
Btriicted  paaaage  of  blood  througih  tlio  lungs,  wbi<-h  appean 
to  bo  th<i  fird  of  tho  nronts  leuiling  to  suJfooalion,  seena 
to  de]>etid  on  the  c«Hsation  of  the  iotertban^  of  goaeo^  oi 
if  blood  tJiargird  with  carbonio  acid  <!ould  not  pass  fi«ely 
through  the  pulmonary  rapiUarirs.  Dnt  the  stagnation  of 
blood  in  the  pulmonaiy  capillariea  vauld  not,  perhaps,  be 
enough  to  stoji  entirely  the  urculution,  unlese  the  aotloi 
of  the  heart  were  also  wealceui^d.  Therefore,  2ii<liy,  the 
btal  rMult  is  probably  due,  in  some  moasore,  to  the 
enfeeblod  action  of  tho  right  sido  of  the  heart,  ia  oonse- 
(jucDce  of  tta.OTer-difitensioQ  by  blood  cODtinually  flowing 
into  it ;  this  ilon-,  prububly,  Ix^iiig  mtivh  iurrensed  by  the 
powerful  but  fruitions  ciTnrts  coniiuuaUy  made  at  inspira- 
lion  (Ec'des).  And  ^nlly,  because  of  tho  obstmction  at  the 
right  sido  of  tlie  licurt,  tbrro  tnu»t  bo  venous  oongeatioit  in 
tlie  tnediiUa  oblongata  end  nervous  ctiitnis :  and  tliiseril  is 
augmcnti.-d  by  lli"  l<:ft  voutrioln  rocoiving  aitd  propelling 
none  but  venous  blood.  H^nce,  slowness  and  disorder  of  tha 
rupinlory  woTenienta  and  of  thu  moveinenta  of  the  heart 
may  lo  uddcd.     Uadvr  all  thcso  couditiona  ixnabluMl,  the 
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at  lenfrlh  oeoaea  Co  act ;  the  ceentJon  of  iU  acUoti 
ag  (Jxu  iu  great  meoiiUTa,  (iroliiilih',  brought  about,  4lAIy, 
the  imperfect  supply  of  oxygenated  blood  to  its  muscular 

In  some  expcriin«inta  prnformed  by  a  committee  ap- 
poiDtM  by  tlw  Mfilico-Chirurgiful  Sooiely  to  luvuntigalo 
tlw  Rubjmt  of  Suspen<lod  AnimatioD,  it  was  found  that,  in 
th«  dog,  during  aiinplo  apaoM,  i  c,  Hiniplc  privation  of  air, 
oa  by  pbigginp  tha  trachea,  the  average  duration  of  the 
re^iiratoiy  inoreroonta  after  the  animal  had  )>e«a  d^girired 
of  air,  VM  4  minutaa  5  aooonds;  the  oxtr«iii<a  being 
3  ntinutee  30  seconds,  and  4  minutes  40  seconds.  The 
ariTngu  duration  of  tlie  heart's  action,  on  tlie  othtir  himd, 
vas  7  minutea  11  aeconds;  the  eatxemes  being  6  minutes 
40  aeooods.  and  7  Dunates  45  seconda.  It  would  nihmu, 
tfaaiefore,  that  on  an  avaragi),  the  heart's  action  continues 
(or  3  minut£«  15  seconds  after  the  animal  has  ceased  to 
tnaho  rtMiiiriitory  efTurts.  A  very  similnr  n>Iation  vch  ob* 
■erred  iu  the  rabbit.  RoGomry  uwer  took  pbu«  after  the 
heart's  action  bad  eeased. 

Thr  roculta  obtained  by  the  committov  on  tlio  subject  of 
droa-itin;;  iroro  Tcry  ramarkablo,  especially  in  this  reepeo^' 
that  wliei>-a8  an  animal  may  recover,  after  simple  depriTa- 
tum  of  iitr  f<»r  ncarlj  fi>ur  minutes,  yat,  after  «ut>meniion  in 
water  for  I J  minutee,  peooTwy  Beema  to  bo  imjiosHble. 
This  remarkable  difference  was  found  to  bo  due,  not  to  the 
mere  nubinitniun,  nor  dlretUy  to  Uie  etrugglce  of  the 
animal,  nor  to  dcpnMsion  of  tcnuwrutun;,  but  to  the  two 
bets,  that  in  drovmng,  a  free  passage  is  allowed  to  air  out 
of  the  lungs,  and  a  free  entrance  of  water  into  tliem.  Iu 
proof  of  the  oorrectoew  of  this  ozplanntiou  it  was  found 
that  whew  two  dogs  of  the  same  siae,  one,  how<!ver,  having 
hia  windpijwi  plugged,  the  otlier  not,  were  submerged  at 
the  «:uuo  moment,  and  taken  out  nftor  being  under  water 
(br  2  minutiMi,  tlio  former  recovered  on  removal  of  Uio  plug, 
,lhe  latter  did  not.     It  is  probably  to  tlie  entrance  of  water 
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into  the  lungs  that  the  speedj  death  in  drowmng  ia  mainlT^ 
diM).  'riu!  resulu  of  po»i'moTtan  uxamintitton  tttruugrly  mp- 
port  this  view.  On  examining  die  lungs  of  animaia  dc^prirad 
of  air  hy  phigging  tlio  trachea,  thoy  vera  found  amply 
<M)ngcBtoil ;  but  in  tho  aniinaU  drovrtiod,  not  only  was  Hi* 
congestioD  much  moi«  intense,  accompani^  with  ecchy- 
mosed  ]Hiiiits  on  the  surfaee  and  iu  tli«  tiul)ataii<^«  of  the 
lung,  but  the  oir  tubes  were  completely  chokod  up  »-ill>  a 
saniaus  foam,  consisting  of  blood,  wat«r,  aitd  mucus, 
chiinKHl  up  with  tho  iiir  iu  t)ie  liuigs  by  thi»  riMpiratnij 
fifTorls  of  the  luiiiiial.  The  lung- substance,  too,  appejired 
(o  }>o  aatumted  uitd  8i>ddi>n  with  n-alor,  which,  Miuned 
slightly  witli  btood,  pourrd  out  at  any  point  wlier*  a  MCtioa 
was  made.  The  luug  tliua  sodden  with  water  was  henj 
(though  it  floated),  dougliy,  pitted  on  jirc«Btu«,  and  wta 
inoapabU  of  collapsing.  It  is  not  difficult  to  understand 
how,  by  Ruch  infarction  of  the  tubes,  air  is  debarred 
from  rciiching  the  pulmonary  oiilU :  iiidcrd  the  inabili^ 
of  the  lungs  to  collapse  on  opening  the  ohest  is  a  proof 
of  the  uli!itTU(^tiun  which  the  froth  occupying  tho  air-tubea 
oiferii  to  the  trnn^it  of  nir.  Tho  entire  dopendeoioe  of  the 
early  fatal  issue,  in  apneea  by  drotmtng,  u))ou  th«  open 
condition  of  the  windpipe,  and  its  ro-sults,  was  also 
strilcingly  abown  by  the  following  experiment.  A  strong 
dog  liad  itH  wiudpipe  plugged,  and  iras  then  mibmoi^od  in 
water  for  four  minutes ;  in  three  quartern  of  a  minute  after 
its  release  it  \>egan  to  breathe,  and  in  fi»ir  minutes  had  fully 
rceoii-crcil.  lliia  e:q>eriment  was  repented  with  sitnilar  results 
on  other  dogs.  When  the  entrants  of  water  into  tho  lungs, 
and  itH  druwiug  up  with  tlie  air  into  the  broniJiial  tubm  by 
means  of  the  respiratory  efforts,  were  diininixhed,  aa  by 
rendering  the  animal  iuseuaible  by  dJoroform  previously 
to  immereion,  and  thus  depriving  it  of  the  powr-r  of  making 
Tiglent  Teepiratoiy  ell'orts,  it  was  found  that  it  c-ould  bear 
immersion  for  a  longer  perind  witliout  dying  than  when  not 
thus  rendered  insensible.     Probably  to  a  like  dimtuutioa 
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tho  To«i>initor7  offorte,  may  also  be  ascribed  the 
length  of  lime  peroooa  have  been  fouuil  to  boor 
mbBLOniou  witlioiit  iMitDg  Vill'id,  whcii  in  a  state  of  in- 
Imdcatioti,  poiBODing  by  niircotics,  or  during  inaenaibili^ 
from  8jD«>pe. 

It  is  to  the  oocumulation  of  carbonic  itcid  in  tho  blood, 
and  its  ooaveyaoce  into  tba  organs  that  we  must,  in  the 
first  ploM,  oocribu  thu  plienouiQUA  nit  asphyxia.  For  when 
tfau  does  not  happen,  all  tho  other  conditions  ma;  exist 
without  iujuT}- ;  as  they  do,  fur  example,  in  hjbemating 
traim-bloodcd  animals.  In  thesir,  life  is  nuiipartud  for 
numj  months  in  atmospheres  in  which  tho  same  animals, 
in  their  fhU  activity,  would  be  apei^ily  suffocated.  During 
tho  periods  of  comptoto  torjior,  tlicir  rtwuiiraticra  almost 
entirely  ceases ;  the  heart  acta  very  slowly  and  feebly  ;  the 
proceaniM  of  oi^niuc  Uto  oro  oil  but  suxpiiudud,  and  tlie 
aojnial  may  be  irith  unpunigr  completely  doprivcl  of  »tmo- 
apberio  air  for  a  considerable  period.  SpalluoKuni  kept  a 
marmot)  in  this  torpid  HtaCo,  immersed  for  four  Iionrs  in 
isarbonic  acid  gas,  without  its  sulTering  any  apparent  in- 
couTenieiuxi.  Dr.  Moraliall  Ildll  kept  a  letliargiu  but  under 
water  for  i6  minutes,  and  a  lethargic  hedgehog  for  22^ 
uioatoB ;  and  neither  of  the  animals  appeared  injured  by 
the  ezperimcat. 
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TiiK  aTftroge  temperature  of  the  human  body  in  those 
internal  parU  which  are  most  eBsilr  accessible,  els  tlie  mouth 
imd  rectum,  is  from  gSj*  to  995"  *'■ 

Ijq  ditfiirniit  piuts  of  the  exberuul  surface  of  the  human 
body  the  tomperaturo  varies  only  to  the  extent  uf  two  or 
three  degrees,  when  all  ore  alike  protected  from  cooling 
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iuflupnoM ;  and  tho  (liRVirvnce  wliicli  imder  tiuaa 
Htaiiocs  euBts,  dqwnds  chiefly  upon  th«  diffennt  dcgrrw  <rf 
blood-supplj.  In  tho  arm-pit — the  moat  convcnieDl  sitaa- 
tioa,  under  ordinary  cirvuiastaDras,  for  cxnminalion  by  \ho 
thermometer — the  average  temperature  is  98  6'  V. 

Tho  chief  cinmmstwutes  hy  whjcli  the  teiapeniture  of  the 
hoalthjT  body  is  inflii«nci>d  aro  tho  foUowHng:— 

Aye- — The  average  temperature  of  the  uew-Wm  child  a 
only  nhoiit  1'  r.  nbovii  that  pmper  to  tint  adult;  and  the 
diflereni'e  becomes  still  more  trifling  during  infanry  and 
«arly  i'hildlnn)d.  Ai^.'ordiuK  to  Wuiiderlich,  tlie  temperatar« 
(alia  to  the  exteat  of  about  }"  to  J"  V.  from  early  inbnqr 
to  puberty,  and  by  about  the  same  amount  from  puberty  to 
fifty  or  aisly  years  of  age.  In  old  ugii  tliu  temperaUin 
again  rises,  aud  npproHchM  tliat  of  iufniKy. 

Although  the  average  temperature  of  the  body,  hoireter, 
is  not  lower  than  that  uf  yoiingnr  pemona,  y■^t  the  power  of 
reaming  cold  i«  loss  in  them — exposure  to  a  low  trmpcnittm 
causing  a  greater  reduction  of  heal  than  iu  youn^  persona. 

Tho  same  rapid  diminution  of  temporatum  wiw  oboernd 
by  M,  Edwards  in  the  now-born  young  of  moAt  caniivoroos 
and  rodent  animal*  wliwa  tlmy  wnm  romovi-d  from  the 
parent^  the  lemperaturo  of  the  atmosphere  being  botirem 
50'  and  53^"^'  !■'. ;  whereas,  while  lying  close  lo  tlie  body  of 
the  molhar,  their  tempcnituro  wii»  oidy  2  or  3  degrees 
lower  tlian  liera.  The  same  law  applies  to  the  young  of 
birds.  Young  Bparrows,  a  week  after  ihey  were  hatched, 
had  a  temperature  of  95'  to  gf,  wltile  ui  tho  ncdl;  l«it 
when  tiikcu  fmni  it,  their  temperature  fell  in  one  hour  to 
66J°,  the  temperature  of  tlie  aliuoaphere  being  at  the  time 
62^".  It  appears  from  his  investigations,  tliat  in  rupect 
of  the  power  of  generating  heat,  somfl  Mammalia  are  bom 
in  a  less  developed  condition  than  others;  and  that  the 
young  of  dogH,  cats,  aud  rahliiljt,  for  example,  arv  infnrior 
to  the  youug  of  those  anininls  which  are  not  bom  bhnd. 
The  need  of  external  warmth  to  Icecp  up  thu  tomperatnta 
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neir-bmn  childna  is  vdll  known ;  th«  nwcart^os  ot  M. 
Edwards  ahow,  that  the  vaut  of  it  ia,  as  Hunter  euggMted, 
&  much  autro  fmjiniit  raiin>  of  dnntli  iii  ucw-liom  thildnn 
tluut  is  gcnomliy  supposed,  and  furnish  n  strong  nrgnjovot 
against  the  ideia,  that  cbildren,  by  early  expoeura  to  coiA, 
oau  K>on  tio  hunlRncd  into  rmistiug  it*  injuriouN  influenoo. 

Sex- — ^I'bo  average  tnaperature  of  th«  fem&l«  wvuld 
appear  from  obBermtions  by  Dr.  Oglo  to  be  very  eltghtly 
higher  than  that  of  tliv  male. 

Pmod  oftk*  Day. — Th«  t«mpe<riitur«  undergoes  a  gradual 
alteration,  to  the  extent  of  about  i°  to  i }°  F.  in  the  course 
of  thii  duy  and  oight ;  the  minimunt  hning  nt  night  or  iu 
the  early  morning,  the  maximuta  lale  in  the  afternoon. 

Ex€Ti;i*e. — Aciitf  Mfrcite  niava  the  loiaijuralure  of  the 
body.  This  may  bo  |KiTtly  aacrilwd  to  thu  fuut,  tliiit  every 
muscular  contraction  is  attended  by  tiio  development  of  onu 
or  tvro  degrees  of  heat  in  tbe  acting  muai-Ie ;  and  that  the 
hoot  is  iniTCOM^  uccordtng  to  tlio  numbor  and  ni[>idity  of 
these  contractions,  and  is  quickly  dillused  by  the  blood 
Ctrailatiug  (rum  tlw  heated  musdea.  Ponaibly,  also,  aome 
luMt  may  bo  generated  in  the  various  tnovt^mont*.  strutch' 
inga,  and  reooiliags  of  the  other  tissues,  as  the  arteries, 
wboMo  lOnxlin  wuLU,  oltrmntrly  diliiti^d  and  coiitriu'tiH],  may 
give  out  some  heat,  just  as  caoutohouc  alternately  slrftchod 
and  recoiling  becomee  hot.  But  the  beat  thus  developed 
coaaot  bo  great. 

Moreover,  the  increase  of  temperature  throiighont  the 
wbolo  body,  prodw^i-d  by  ai-tiru  exerciiKi,  is  but  small ;  the 
great  apparent  increase  of  heat  depending,  in  n  great 
measure,  on  tlie  increased  circulation  and  (luantity  of  blood, 
and,  therefore,  greater  heat,  in  parts  of  the  body  (as  tlto 
skin,  and  <-s|ivciftlly  tliu  kkiu  of  tlie  cxtriMnitieB).  which,  at 
the  same  time  that  they  feel  more  acutely  Hum  oOmx^  any 
dungea  of  temperature  are,  under  ordinary  conditions,  by 
some  dcgrmH  colditr  than  oigans  wore  eeutroUy  situated. 

That   the  increased  temperature    of   the  akin  during 
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«UTd8e  is  not  accompanied  hy  a  pToportional  iocrease  of 
Hm  Iicttt  of  Othiir  piirts,  whicli  am  nahnully  iniicli  wuriner, 
is  wel)  shonii  by  aome  obaervationa  of  Dr.  J.  Davy. 

Ciimai*  aad  Setuim. — li>  piuNiii^  £rum  a  tomjierate  to  a 
liot  rlimate  tlio  temperature  of  tho  humaD  Wly  riaw 
slightly,  iJie  incruaso  rarely  exceeding  2"  to  3°  F.  In 
sumiui^  the  trtniponituro  of  tho  body  ia  a  littlo  lii^her  than 
in  winter ;  tho  dilTerence  amouniuig  to  from  f  to  4^°  P. 
(Wunderlich). 

The  atune  cifi^^U  on:  obsorvablo  in  ulUsratioits  of  tern- 
ponitnro  not  dopending  on  seasOQ  or  climata. 

Food  an  J  Drink. — The  effect  of  a  meal  upon  the  tem[ 
ture  of  a  iHxly  in  but  small.    A  very  slight  rise  uKiuilly  1 

Cold  alcoholic  drioka  depress  the  temperature  somewb 
Ci"  to  1'  T.).  Warm  alcoholic  drinks,  as  veU  as  varm  1 
sad  cuGmi,  raise  tho  teoiperaturo  (about  J"  K.). 

In  disease  tlie  tenipn'aturc  of  the  body  deviates  from  the 
normal  standard  to  n  grealvr  ext^^nt  tlian  would  he  iintict* 
paled  from  the  slight  efTeot  of  external  conditions  during 
health.  Tbua,  in  some  diseases,  as  pneumonia  and  typhus, 
it  oc(!asionalIy  rises  as  high  as  106"  or  107°  F. ;  and  con* 
eiderably  tiigher  temperatures  have  been  noted.  In  a  caw 
of  malignimt  fever  recently  reconlwl  1^  Mr.  Normiui  Moore, 
tho  temperature  in  tlie  axilla  rapidly  rose  to  1 1 1"  F.;  wbon 
the  pati^m  died.  The  Itighest  lomperature  recorded  in  a 
Lving  man,  1 12'5°  F.,  was  observed  by  Wunderlicli,  in  a 
ca^e  of  idiopathic  tetanus,  at  the  time  of  death.  lu  tho 
Biorlm*  crrnilaa,  in  which  there  ia  defective  arterializatioQ 
of  the  blood  from  malformation  of  the  heart,  tho  tem- 
perature of  the  body  may  he  as  low  aa  79"  or  77^°;  ia 
Asiatic  cliulera  a  thermomoler  placed  in  tlie  mouth  somo* 
times  rises  only  to  77'  or  79'' ;  and  in  a  case  of  tubercular 
meningitis,  obsLT\-ed  by  Dr.  tive,  the  tempetattire  of  the 
rectum  remained  for  houn  at  79*4°  F. 

The  temperature  maintained  by  Mammalia  in  an  active 
State  of  life*,  according  to  tlio  tabl«a  of  Tiedemauu  and 
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Itud<^hi,  avemf^  lOl".  Tlie  dxtreouwi  rocorilcil  lij  thotii 
ware  96*  and  loC,  ibo  former  in  the  Darvfaal,  Ui«  latter  in 
a  b«t  (Vwqicrtilio  I'ipixtrvtUa).  In  liinlit,  the  arera^  is  as 
Itigh  as  107';  the  highest  tomporature,  li  |-25°,  being  ia 
the  Kmnll  xpucies,  th«  Uimeta.  etc.  Amonj;  reptiles,  Dr. 
John  Davy  fonti'l,  that  while  the  medium  tlifry  w<ir4i  in  ivas 
75%  their  areraf^  temperature  was  S2'5°.  As  n  genornl 
rule,  their  lumpeTuture,  though  It  fnlbi  with  that  of  the 
nuToimding  medium,  is,  in  temperate  modin,  twQ  or 
more  ili'gnxiH  higlieri  and  llicugb  it  rises  alifo  with  tliat  of 
tho  m«dium,  j-ot  at  veiy  high  degrrcs  it  cvasus  to  do  ao, 
and  remains  even  lower  than  lliat  of  the  medium.  Fish 
aud  IiiTfirlebrata  infuent,  as  a  gcneriil  nd«,  the  same  tem- 
p«raturo  na  tlio  medium  in  which  they  live,  whether  that 
be  hiffh  or  low ;  only  amoii(>  Gxh,  the  tunny  tribp,  witli 
■tnuig  lioartH  nnd  red  meat-like  musi'lea,  and  more  blood 
than  the  avern^  of  fish  have,  are  generally  7°  wurmw 
than  th4!  water  around  them. 

The  ditfrroncr,  therefore,  hetwron  what  arc  eommoiily 
called  the  warm-  and  the  cold-blooded  animals,  is  not  ouo 
of  abxolutt^ly  liighur  or  lower  tinnpuraluro ;  fur  the  suimala 
which  to  us,  in  a  temporate  climate,  feel  eold  (l)cing  likv 
(he  air  or  water,  colder  than  the  Buidiice  of  our  bodies), 
wxmid,  in  an  external  ti'mjitrtiturQ  of  lOO',  liavo  ncjirly  the 
eame  temperature  and  feel  hot  to  us.  The  real  dilference 
ia,  mi  Mr.  Hunter  cxpreosed  it,  that  what  we  call  warm- 
blooded onimaU  (birds  aiid  .Mammalia),  have  a  certain 
"pennaneot  beat  in  all  atmospheres,"  while  the  tempera- 
tUTV  of  the  othfm,  which  we  call  eold-bluoded,  is  "  variablo 
with  every  atmosphere." 

The  power  of  maintaining  a  uniform  tem])erature,  which 
Hsnimalin  aud  birds  posseEs,  ia  pombiurd  with  the  niint  of 
power  til  <--udure  such  ehangvs  of  temjiemture  uf  their  bodies 
aa  are  harmless  to  the  other  dus>rs ;  and  when  their  power 
of  roMStiog  change  of  temperature  ceases,  they  suHer  serious 
disturbancva  or  die. 
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Sonne*  (tnrf  ifodd  of  Produciitm  of  Heat  in  the  Body. 

Id  explaining  tlin  chfinicnl  chftRgM  nIFootmi  iii  tlie  prci> 
OMK  of  ri^i'])iraticin  [p.  319).  it  wax  ntitlnd   tluit  l)io  ox; 
of  tho  almosphere  taken  into  the  blood  is  combined,  in 
naiinua  of  tlio  ciivuUitioii,  witli  tlio  ciirlioii  and  ih«  hj'd 
of  digintogTfttod  snd  absorbed  tiwues,  and  of  CMijiin 

k  of  fooii  wliith  bare  Dot  been  courerted  into  tiasuee.' 
ch  a  combination  b^ttrrnti  tbn  oxj^;imi  of  tbc  atmo- 
Bp^ere  and  the  carbon  and  hv<lrogen  in  the  blood,  is  con- 
tiniially  talcing  \AtJX,  is  raado  ci'rtain  b^  t]iK  iitct.  ihat  a 
larger  nmoiiiit  of  cnrbon  nnd  lijrdrogon  la  connttinllv  bcts^ 
added  to  tlie  blood  ftom  ibe  food  tlinn  ig  required   for  tbflJ 
ordinniy  purjuMCM  »f    milrition,   and    that  a  quantitj 
oxygen  is  also  constAtitlj'  being  (tbsorbod  ^m  th«  air  in 
Qxts  litugK,  of  tbe  dLipoMtl  of  which  no  uci«unt  can  be  gii 
except  by  rognrding  it  on  rnmbiuing,  for  the  most  |)«it^1 
with  tbe  excess  of  carbon  and  hydrogen,  and  beiuR  excreted 
in  til"'  fiirm  of  (■urbiinio  add  nud  water.     In  otber  word»,j 
tlie  blood  of  warm-blooded  animala  apponrH  to  be  aliraj 
Moeiring  itota  tbe  digestive  canal  aud   the  lungs  more 
carbon,  bydrogwi,  and  oxygen  thim  are  conmmed  in  thi 
repair  of  the  tissues,  and   to  be  always  cniitlJtig  carb 
acid  and  wuti-rr,  for  which  thirre  is  no  other  known 
than  the  combination  of  thene  cicnients.*     By  such  tisaa.-^ 
binuttou,  beat  is  continually  produced  in  the  auiinsl  body 
Tbe  same  amount  of  )i<rat  will  be  cvolr(»l  in  tho  union 
any  given  qiiantitiei;  of  carbon  «nd  oiygen,  and  of  hj 
and  osy^n,  whether  the  mmbiuution  be  rapid  and  evident 
as  in  ordinary  combuxtion,  or  tJow  and  imperceptible,  as  il 
the  changes  which  oocur  in  tlie  living  budy.     And  sine 
the  beat  thus  arising  will  be  generated  wherevOT  the  blood 


*  Soinp  hrat  villolto  b*  gi^iiemli*!  iii  tha  MmWnitienof  mlpbitr  niil 
pliOBpburus  leilli  oivf-m,  to  wliJcL  rrfcnncn  hu  been  mudo  (p.  316); 
liut  tlio  nmtiunt  tliua  proiluccJ  is  but  smuU. 
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micd,  CTer;  part  of  tbo  iiodj  will  be  heated  etiuallf,  or 
nearly  to. 

This  theory,  that  the  maiDtenance  of  the  tempentore  of 
tho  itTing  botlj  il^eada  oa  (wntintiul  chemical  clumge,  oliiefif 
byoxidatioD,  of  cambustibloiiiaten»lRiniwtiitgiii  thotiMUOB 
and  in  the  blood,  baa  long  been  cstablitihed  by  the  demon- 
Rtrntion  that  th«  qnaotity  of  carbim  and  lijdrugun  n-hleU, 
in  a  giren  time,  unites  in  the  body  n-ith  ox^on,  U  suffi- 
cient t(>  tuKxiuiit  fur  tlift  amoiml  of  beat  generated  in  the 
animal  within  the  name  time  :  an  amount  (-npatJo  of  miuii- 
l«ining:  the  temperature  of  tlie  body  at  from  98*  to  lOOf, 
DOtvithntuiding  a  large  lawt  by  mdialiou  and  eraporaliun. 

Many  things  obe«rvied  in  the  economy  and  habits  <tf 
animaJw  are  cxpiioablo  by  this  theory,  and  may  here  briefly 
be  quoted,  although  no  Iongr>r  rei]uimd  an  additional 
eiidonce  for  lis  trutlt.  Thua,  aa  a  general  rule,  iu  the 
Tarioua  claMos  of  animaln,  as  well  as  in  ludividual  is- 
amplea  of  each  class,  the  ijuanlily  of  heat  generated  in 
tlto  body  is  ill  direct  projiortion  to  the  aLtivity  of  the 
teeiHiatory  pKwess.  Tho  liighowt  animal  t«nipcrnlnro,  for 
example,  i«  found  in  birdit,  in  wlioni  th"  function  of 
lespiration  la  moat  actiTely  performed.  In  Mammalia,  the 
piocoM  of  rwpiration  i«  leaa  active,  and  th»  average  tem- 
perature of  the  body  Iom,  than  In  birds.  In  n^ptilea,  both 
the  n!a[i!nitiou  and  the  heat  are  at  a  much  lower  standard ; 
while  in  animaU  below  tlii'in,  in  wbt<;tli  the  function  of 
reepiration  ia  at  the  lowest  point,  a  power  of  produdng 
heat  is,  in  ordinary  cirouniHtanee^  hardly  diaLemiblc. 
Among  these  lower  animals,  however,  tlie  ubwrvuliouK  of 
Mr.  Newport  mipply  eonfirmatory  evidence,  lie  shows 
that  tho  Inrva,  iu  which  the  respiratory  organs  are  smaller 
in  comparison  with  the  sixo  of  tho  iiody,  bnK  a  lowttr  tern- 
poratan;  tlian  tlie  purfuct  insecL  Volant  insects  hare  the 
hig'lieet  temperaturo,  and  tliey  luive  ulwaya  the  lai^aet 
respiratory  organs  and  breathe  the  greatest  quantit)-  of  air; 
while  among  torrostriid  injwclo,  those  also  produce  the  moit 
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heat  vltich  hare  the  tnrgost  respiratoty  organs  and  bieatlte 
tiic  mont  (dr.  IJiiriii};  eili:(!|i,  hj'lieni&tioii,  niid  dUict  ntatua 
cf  tDaction,  rofipiration  is  slower  or  suspended,  and  the 
tompi'trBtMrn  la  pro]>ortioi&&tely  diminitlted ;  wlule,  ou  tlta 
other  hand,  vhon  tlio  iiucct  is  most  activo  and  respiring 
most  Toluminoualy,  its  amount  of  temperature  is  at  ita 
maximum,  and  corresjionds  with  t)i«  (juantity  of  re»|n- 
nitiOD.  Npithor  Uio  rnpidity  of  tho  cirnilation,  nor 
the  siw  of  liie  nervoua  Bystem,  aovordiiig  to  Mr.  Nairpoit, 
procenta  tiuoli  a  (x)»atAnt  relaliuu  to  tlio  evolution  of  heat. 

On  the  litguUition  of  the  Tempemture  of  lite  Human  Rodij. 

The  <»>nlintial  production  of  heat  in  the  body  has  been 
already  r^foired  to.  There  ie  also,  of  Decee&ity,  a  oontioual 
loan.  Itut  in  hciilthy  ^^'a^m■lduod«d  animuln,  as  alroM^ 
remarked,  tho  loss  and  gnia  of  hirnt  are  so  nearly  be 
one  by  the  other,  that  uader  all  ordinary  circumstancea, : 
uniform  tomiiorature,  n-ilbin  tvo  or  tliroo  dc^roos,  is  pre- 
6er\ed. 

Tliu  lotw  of  heat  trom  the  human  body  lakea  place  diioflj 
by  radiation  and  conduction  from  its  surface,  and  by  meaiu 
of  the  coiiHtaut  evaporation  of  water  from  the  aame  port, 
and  from  the  air-poasagea.  In  each  net  of  ntitpinttion, 
h«at  is  also  lost  by  so  much  warmth  as  the  expired  air 
acquires  (p.  210).  All  food  and  drink  which  enter  iho, 
body  at  n  loirer  temperaturo  tLiui  itirojf,  abstract  a 
measure  of  heat,  and  the  urine  and  fteoes  take  about  a 
amount  iiuuy,  when  tli«y  leave  th«  body.  Lastly,  boidA' 
part  of  tlie  heat  of  tho  body  is  rend«(rod  imporcoptible,  aod 
thurcforo  lost  as  heat,  by  being  mauifested  in  the  Saxm.  ot 
mechanical  motion. 

By  tta  the  most  important  lots  of  heat  from  the  body, — 
probably  So  or  90  per  cent,  of  the  whole  amouut,  is  tlmt 
which  proceeds  frotu  radiation,  conduction,  aud  ovapots- 
tioit  trova  the  skin.  And  it  is  to  this  part  especially,  and 
in  a  smaller  measure  to  the  air-passages,  that  wo  must  look 
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for  tlic  mcnDn  lij  tIucIi  tlio  Inmperaturc  i»  n'-gulalnl:  in 
other  words,  by  v)iidi  it  is  pr«Tont<Kl  from  rising  bc}'i>utt 
the  nonoul  |K>iiit  on  tJic  ono  luind,  or  aiaking  below  it  on 
tits  otbor.  The  chief  iniltnx't  niciuu  fur  oci'ouplithing  tlm 
soum  end  are,  TarUtions  in  tho  amount  and  quolilj-  of  tha 
food  and  drink  taken,  vuriutioiis  in  vlotliitiff,  and  ui  expo- 
Hire  to  exiL-mai  heat  or  cold. 

In  order  tu  undtirstiuid  the  meana  by  whidi  tlie  beiat  of 
the  body  is  reg:iilated,  it  is  nm^Mnry  to  tukr  into  cx)iuiid6* 
ntjon  the  foUowiug  facts;  Viret,  the  immediate  tootce 
of  boat  in  tho  botly  in  the  pTMniu;«  of  a  hirge  qimntitj  of 
«  warm  fluid — tho  blood,  the  temporatore  of  irhich  u.  in 
hcaltii,  nliout  100°  V-  In  the-  second  pkoe>  the  blood, 
while  cc4utantly  moving  in  n  multituda  of  diffortnt  Mtraaini^ 
ia,  ever^  nunnte  or  bo,  gathered  up  in  the  henit  into  one 
largo  stream,  bororv  btiing  ugutn  diaiiemed  to  all  purls  of 
the  body.  In  this  way,  tho  temperature  of  the  blood 
moains  nlmodt  exactly  the  same  iu  all  parts;  for  while  a 
portion  of  it  in  piiwing  llirotigli  duo  organ,  as  tho  skin, 
toay  become  cooler,  and  througli  another  organ,  as  the 
lirer,  may  bocome  warmer,  the  efTi^t  on  eaih  wiwnite 
stream  is  more  or  torn  neutrnlinrd  when  it  mington  with 
another,  and  an  average  ia  struck,  so  to  speak,  for  all  the 
streams  when  they  form  one.  In  pas&iug  through  the 
bsart. 

The  means,  by  which  the  skin  is  able  to  net  as  one  of 

tho  moKt  irnportnnt  orgunH  for  regulating  thu  toinjieraturu 

of  the  blood,  are — (l),  that  it  otTon)  a  large  surface  fur 

radiation,  conduction,  and  evaporation;  (2),  that  it  eon- 

taias  a  largo  amount  of  bicjod ;  (5I,  tliat  tho  quaatity  of 

blood  contained  in  it  is  the  gieitter  under  those  circom- 

■     itimoes  whirli  demand  a  loNa  of  hi-ut  from  llic  body,  and 

^     vk»  rersA.     For  tho  circunnrtance  wliicli  dirortJy  di,'t<irniiuiii 

the  quantity  of  blood  in  the  skin,  is  that  vhich  governs 

H     the  supply  of  blood  to  all  the  tissues  and  organs  of  ilia 

H     body,  namoly,  the  poncr  of  the  vusu-raotor  uorrcs  to  cauMi 
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M  grmtor  or  lom  tensioo  of  ths  iQU«-uliir  element  in  tli« 
\ralh  of  the  atteriea  (see  p.  141'!,  imd.  in  ooirupoDdeDoe 
wilb  t^iu*,  a  letaening  or  increa^  ot  Uia  mlilm)  »f  Ihs  vettd 
)u.-c<iiu]ULiiiiKl  1>y  a  less  ar  grmttor  curreot  of  blood.  A 
waim  or  liot  almovphere  »o  ads  oo  the  nftrvn  Him!*  of  Iho 
Hkio,  M  to  lead  th«m  to  cmxua  in  tnm  11  relaxation  of  the 
muMuIar  fibre  of  the  blood-Teesels ;  and,  oa  a  n«ult,  tli« 
akin  bct-i)mo«  fiill-bluodcd,  hot,  and  swcatiiig ;  and  much 
heat  is  tost.  With  a  lovr  t^mperftture,  on  the  other  baod, 
tii«  blood-resseb  aliriuk,  and  in  acixirdaoc'e  witli  tho  oouio> 
quantty  diminisbod  blood -supply,  tlio  skin  bocomca  pal«v 
and  cold,  and  diy.  Tbus,  by  moans  of  a  self-rt'^ulating 
aiipartitiLi,  tlio  skin  bwonuw  tlie  moHt  important  of  th« 
mcaDs  by  n-hicJi  tliri  tiiinperiituri)  of  tlio  body  i»  regulated. 

In  contteclion  with  Iom  of  heat  by  the  akin,  referenoa 
has  bo«n  ciudu  to  that  which  owura  boUi  by  mdiatioa 
and  coiiduotion,  mid  by  <!vnpornti<in;  and  tlio  subject  of 
Auimol  beat  has  been  coDsiderod  nlmost  solely  with  regud 
to  thd  ordiiiury  tinao  of  iniui  Uviu};,'  tn  a  medium  eoldcr  than 
hi«  body,  and  theiT>foro  losing  lumt  in  all  tha  ways  men-, 
tioned.  The  importance  of  the  means,  however,  adopb 
80  to  spvnk,  by  Iho  skin  for  regulalinj?  the  tempi.! rat um 
tlio  body,  will  dqiood  on  tlii>  i^ondiliima  liy  which  it  is  sui^ 
rounded;  an  inverse  proportion  existing  in  most  cases 
butwtKtu  tbi.-  loan  by  radlatioD  and  conduction  on  iho  ooa 
hand,  and  by  evaporation  on  the  other.  Indeed,  t)io  amaU 
loss  of  beat  by  evaporation  in  cold  climates  may  go  tar  io 
DOmpcnaato  for  tho  grt^utor  lonii  by  radiutiun ;  tut,  on  tho 
Other  band,  the  great  amount  of  fluid  evaporated  in  hot 
air  may  n>iiti>ve  nearly  oa  mui:b  boat  aa  is  vomuonly  loat 
by  both  radiation  and  e\-np'iralitiu  in  ordinary  tfmi 
tures ;  and  thus,  it  is  possible,  that  the  qiiantitica  of 
riKiuirvd  for  Uie  mitiatenauce  of  an  uniform  proper 
perature  in  vnrious  cliniiites  and  seosonH  are  not  so  diffiiT 
as  they,  at  first  tliought,  seem. 

Slany  vxumplm  might  be  given  of  tlie  power  which  the 
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Ixxly  iiosMMM  of  mutiag  tho  pfTM^ts  of  a  faigh  temp«ra- 
ttire,  in  rirtiM  ofeTaporatiou  irom  tLe  skin. 

Sir  Cbarka  BUpd«D  aai  otlien  eu))ported  a  tempetaturo 
vmi^iug  Wweon  igS*  nnd  21 1''  F.  in  dry  air  for  novrrul 
minutes ;  and  in  a  Bubaequeot  axperimeot  ho  ramained 
MgUt  minubia  in  a  temperature  of  260"-  But  such  huata 
on  not  tolwablo  whra  tlio  uir  is  moist  oa  irrll  an  Iiot,  m> 
aa  to  pT«v«nt  ^Taporation  from  tiio  body.  M.  C  Jnmee 
Mates,  tliut  in  tlie  Ta|>uur  batlis  of  Nero  he  was  almost 
aufibcatcd  in  a  temjiurulunt  of  )  1 2^,  wliilu  in  tliu  cave*  of 
Teetatx-io,  in  which  th?  air  is  dry,  ho  wm  but  little  incom- 
moded liy  a  temperature  of  1 76'.  In  the  former,  evapo- 
ration from  the  skin  vu  impoasiblo;  in  thn  latter,  it  waa, 
probably,  abundant,  and  tlie  layer  of  vapour  nhicJt  would 
rise  bota  all  the  icurfjioe  of  the  body  wniiM,  by  its  very 
^—slowlf  oonduL-iiug  pover,  defend  it  lor  a  timo  Irvm  the  fuU 
^bctioa  of  the  external  beat. 

^M     (tilt  glandular  appiiratuA,  by  whioh  aiCTetkm  of  fluid 
Hmm  the  ekin  is  dTectod,  will  bu  cooudecad  In  the  Section 
on  the  Skin.) 

The  Wei's  by  wht^'h  the  skiu  may  tie  rendered  more 
dBaont  as  a  cooIiiig<nppftriitu.-i  by  exposure,  by  bntlis,  uiul 
by  otlier  means,  which  man  instinctiv^y  adc^tta  lor  lower- 
ing his  lemperulura  wheu  neeeassiy,  are  too  well  knovn  to 
Bcod  man  tlum  («  bi-  mcutionud. 
^B  Aa  a  meana  fi)r  lowering  the  temperature,  the  lungs  and 
^^Htr-pasMgM  Bra  rery  iitfertor  to  tliu  nkiu;  tdlhough,  by 
gjmag  beat  to  the  air  we  brc«thi>,  tlicy  stood  next  to  the 
akin  in  importance.     Aa  a  reyiUatiny  power,  the  iiiferioriiy 

1^  atill  moro  marked.  Tlio  air  wliidi  is  oxpitlh^i  from 
|faA  lung*  leavea  the  body  at  about  the  temperature  of 
th«  Mood,  and  is  always  saturated  with  moisture.  No 
inrerae  prt^rtion,  tltemforo,  exists  bctwoou  the  Ium  of 
beat  by  radiation  and  conduction  on  the  one  bond,  and 
by  eTu[iorulioii  on  ihe  otiier.  The  colder  the  air,  for 
^- oxomple,  tlio  grcut«r  will  be  Itie  loss  lu  uU  wnvs.     Neithor 
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u  tlic  quantity  of  blood  vbich  is  exposed  to  tlie  oooling 
influimci)  of  the  uir  diniinialied  or  iucrcttM'd,  »o  W  as  is 
knows,  in  ac(»n3ta)oo  with  nay  ne«d  in  nJatioti  to  tumpe- 
rature.  It  ia  true  that  by  varyin);  the  Dumber  an<l  depth  of 
tho  rc«pirution»,  tliu  <juantily  of  Lout  giwu  off  hy  tbe  lun^ 
may  be  made,  to  some  extent,  to  vary  aim.  IJiit  tho  re»- 
pirutory  passages,  while  they  miut  be  consiidered  imporimt 
monna  by  nhicli  huat  is  luit.  im>  ultogctlicr  subordinato 
in  the  power  of  n-t^ilnting  thp  tempeiatiire,  to  Urn  akin. 

ll  may  eeem  to  h«vo  been  assumed,  in  the  ToKgoiiig 
pngOB,  that  tlio  only  n^ul&tin^  appamtuN  for  tuiuiMnUura 
required  by  the  human  body  is  one  that  shall,  more  or  kiM, 
jiroducd  a  eooling  effect;  and  as  if  tba  nmouut  of  heat  pro- 
duced wore  id  ways,  tborofon,  in  excess  of  that  wliivh  is 
required.  Such  an  assumption  would  be  incorrect.  We 
have  the  {tower  of  regulating  the  productioQ  of  heat,  as 
well  UB  its  loss. 

hi  food  we  have  a  means  for  elevating  our  temperatui«. 
It  is  the  fuel,  indeed,  on  wliivh  aiiiiuol  Itoat  ultimately 
depends  altogether.  Tlius,  when  more  heat  is  wantod, 
we  instinctively  take  more  food,  and  take  such  kinds  of  it 
ae  are  good  for  combustion ;  while  orijrj-day  cxjierience 
shows  the  dilferent  power  of  resisting  cold  poescssod  by 
the  well-fed  and  by  tho  starved. 

In  northern  regions,  again,  and  in  iho  coldi^  seasons  of 
more  southern  climes,  the  quantity  of  food  consumed  is 
(speaking  very  generally)  greater  than  ihnt  nuwiimod  by 
tho  same  men  or  animida  in  opposite  conditions  of  climate 
and  seasons.  And  the  food  which  appears  naturally 
adapted  to  the  inhabitants  of  tlie  culdi«t  <diinult!ii,  such  as 
the  several  fatty  and  oily  substances,  abounds  in  carbon 
and  hydrogen,  and  is  fitted  to  combine  with  the  latg« 
qiiunliiies  of  oxygen  which,  breathing  cold  dense  air,  they 
absorb  from  their  lungs. 

In  exercise,  again,  we  have  aa  important  means  of 
raising  the  temperature  of  our  bodies  (p.  333]. 
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TTie  inflneoce  of  fxttnuil  Mrerini/t  for  the  body  ■aaat  Dot 
bu  uuwitiMd.  lu  wunn-ltluodud  uiumal!!,  Qivj  an  olwa.y% 
adapted,  nmoD^  oUwr  piupoms,  to  the  maintenance  of 
tmifurm  temi)erature :  aod  man  adupta  for  liimMlf  aueh  aa 
arr,  for  tlic  witno  purpoitp,  fitted  to  tho  vurioiu  climatea  to 
which  hn  is  exposed.  By  their  menns,  and  by  his  oom- 
nutcd  orer  food  and  fire,  he  maiiitaius  hin  leiDpeiature  on 
all  aooowibUi  partu  of  tlio  ciirfitco  of  tho  <!iirih. 

The  infiufitct  «/*  iht  tiervoiu  tyttem  in  modifytD((  the  pro- 
duction of  heat  hoa  been  already  referred  to.  The  espeii* 
mmta  and  obaorvntions  which  best  illustriite  it  tan  thiuo 
ahowing,  Gnt,  that  when  the  supply  of  nervous  iniluence 
to  a  part  is  cut  elT,  the  temperature  of  that  part  lalU  below 
ita  ordinary  degree;  mid.  socondly,  that  whe:i  ditiith  ia 
oanaed  by  severe  injuiy  10,  or  removal  of,  the  nervous 
oentTKi,  tba  tuuiperutur«  of  tlie  body  rapidly  falU,  e\-en 
tliough  artificial  respiration  be  performed,  the  dnulntion 
maiutoined,  and  to  all  appearance  the  ordinary  chemical 
dtaagM  of  Iho  body  be  L'om])l<.-t<dy  «fii9cl»d.  It  tmM  been 
npMtodly  noticed,  that  alter  division  of  the  nerves  of  a 
limb,  ita  tetD]>erature  falls ;  and  this  diimuuUou  of  heat 
haa  been  lemiirked  still  more  plainly  in  limbs  dc^rivod  of 
nervous  indueDoo  by  paralysifl,  For  exttmple,  "Sit.  Karlo 
found  the  tempiTuliirt;  of  tbe  hand  of  a  puralyEcd  arm  to 
be  70",  while  the  hand  of  the  sound  side  had  a  tempera- 
tora  of  92'  F.  On  electrifying  the  puralyned  limb,  the 
tempcraturo  row-  tn  77".  In  another  case,  the  temperature 
of  the  paralysed  finger  was  56°  F.,  while  that  of  the  ua- 
afieotM  hand  was  62'. 

I  With  equal  <:crrtninly,  thoijg^h  less  definitely,  the  in- 
fluence of  the  nervous  system  on  the  producltuu  of  beat,  is 
shown  in  the  rapid  and  munxiut^uy  iiicritiue  of  tampnra' 
tur>^,  eomotimos  gvoerol,  at  other  times  quite  local,  whicb 
is  observed  in  states  of  nervous  excitement ;  in  the  general 
ittcnaso  of  wariutii  of  the  body,  sometimes  amounting  to 
penpiratioD,  which  is  excited  by  passions  of  the  mind ;  in 
. 
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tlie  sudddQ  null  of  Itcat  to  tlie  IWce,  irhich  is  cot  a  n»i« 
Mniwtion ;  anil  in  tho  «i]iinllir  ntpi<]  dimiRutiou  of  leai* 
lioruturi!  ill  th«!  ilp|ir>-ii!u:ig  paiMtouA.  But  none  of  these 
uwtanrcs  suffices  to  prove  that  bent  i*  g<c4MTriiti;d  by  Burnt 
n«rTOUS  sctiou,  independent  of  onj  chemical  change ;  all 
ar»  oxpltcablfi,  on  thi;  nupjiotiition  tJiat  thu  nerroua  ajatem 
•ttan,  by  it«  power  of  coutrollisg  the  c&libro  of  tbo  Uood- 
▼easeta  (p.  141),  tbe  quantity  of  blood  supplied  to  apart; 
vIiIIq  any  itifltieuoo  wliich  tlin  n«rvoiis  iiy«lftm  may  baro  in 
the  productioa  of  heat,  apart  bora  tim  iofluenCA  on  th« 
blood>T«S8el8,  ia  an  iudin't-t  onu^  and  ia  derired  bom 
ila  powvr  of  oanning  otitritive  change  io  the  tiHtics,  which 
may,  by  iuTolving  the  neeeaaity  of  yhwiiicul  action,  involve 
the  prodiu^ttou  of  h<!iit.  Th»  raiatcnoa  of  ixTres,  which 
rvgutnte  aoiinal  heat  otbervriM  than  by  their  biSnancft 
in  tjophic  (nutritive)  or  raao-motor  clinngea,  although  by 
many  ennnidt^nnl  prf>)ittliIo,  i*  not  yrt  provrii. 

Ib  coonoctiou  with  the  refpUaliim  of  animal  tempera- 
ture, aud  itH  niai»len.suce  iu  h«alth  at  Ibe  normal  height, 
it  i«  intemstiug  to  iioto  the  result  of  Hrcumstanoca  too 
powerful,  either  in  raising  or  lowering  the  beat  of  the  body, 
to  bo  controUnd  by  tlio  propnr  regulating  appnmtiu. 
WftltJier  found  that  rabbits  aud  dogs,  when  tied  to  a  board 
aud  exposed  to  a  lint  mm,  readied  a  t«mperatm«  of 
I  I4'S°  v.,  and  then  dinl.  Oni>o  of  mtnctrolco  furnish  n* 
with  simitar  examples  iu  the  case  of  man  ;  for  it  would 
aeem  that  here  death  ensues  cbietty  or  soMy  from  eie- 
vatiou  of  till!  ti!Qiiirn'alun>.  In  a  cn»«  related  by  Dr.  Oe^ 
tbo  temporaturo  in  the  axilla  was  tOQ'S"  F. ;  and  in  many 
febrile  diseases  thi)  immediate  caoM  of  dcutb  appean  to  be 
tho  uU-vatiou  of  tlio  tomporature  to  a  pcunt  iiiooDsist«nt 
with  the  continuance  of  life. 

The  efTwt  of  nittro  loss  of  bixlily  tmnperetara  in  man  is 
less  well  known  than  the  elTevt  of  heat. 

From  experimeuta  by  WiJtlii>r,  it  upptiiint  tliat  raMnta 
can  be  oooled  down  to  48°  F.  before  lliey  dii^  if  aiti&dal 
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m   respirntion  be  kept  up.    Cooled  down  to  64*  F.,  thoy  can- 

f    not  nccrtor  tinlumt  co(t<>niaI  wnmilli  1m  npplicd  tngt^tlicr 

vitb  tho  fmplnyininit  of  nrli&dal   reepiretion.     Kabbita 

not  cooled   beJow   77°  y.   iccotot   by  extexnal   warmth 

■  DioEsTtox  is  tbe  proc«fl8  by  which  thoso  parte  of  our 
food  uhkb  may  bo  eini)loy«d  iu  tbe  fomwtioD  aiid  repair 
of  Uio  tiiwupH,  or  in  the  production  of  hent,  »m  mndo  fit  to 

■  ba  abaorbed  and  tidded  to  tbo  blood. 
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Pood  may  ha  ooaudered  in  it«  n^Ution  to  tlinwi  two  pur- 
pose»— the  nutrition  of  tbe  tissues,  and  tbe  producti'Mi  of 
beat.  But,  uikIi't  iho  firat  of  divtw  heitda  will  be  included 
miuiy  otlier  nltiod  funirtiouH,  nx,  for  oxnmptn,  wM'nttioD  and 
generation :  and  under  the  second,  not  tlie  productiou  of 
bout  only  u  such,  but  of  ull  tli«  otlier  forces  correlated 
with  it,  which  nra  manifeeted  by  the  living  body. 

Tie  foUovriijg  is  a  convemeut  tabular  ctoAsiScatioa  of 
the  unuol  and  mors  Doccwvary  Idiida  of  food  :— 

-NtTBOOEXOCS : — 

ProUidiS  u  Albmncn,  Cucig,  Ryntotiui,  Glntca,  uid  Ihiiir  uIUn^ 
w»d  (itlotia  ;  (Mntuniug  Cnrbos,  ll^dragcn,  Oxfgau,  and  TfitniKCD  t 
•onu  orUiciD,  mba  Sulphur  tod  rbai{iliMUi). 

XOK-KlTKOOEXOUS  : 

(1).  Amyloiil*— Stkrcli,    Siigw,  and  thvli  *UIm  (containing  Ch> 

(I).  Oila  and  fWa  (canUiainft  Ctrbon.  Hyi1rogi>n.  *»d  Oirgvu ;  Hm 
nxygca  in  mnch  hiihIW  pn){H>rtian  ilian  in  tbinb  or  ttienr). 

(3).  llincrtt  oc  SoUua  Miillorti  u  L'Lloiidc  of  ^Mliun,  t'boaphi&ta  of 
Lima,  nt<- 

(4).  W«t«r. 
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Animals  oannot  nilsist  on  anj  but  orgamc  subsUuUKfl, 
and  Uiom  must  cooUin  the  sororni  pIoidimiU  niiil  com- 
pounds which  tLT«  naturallj  combined  with  theon  :  in  other 
words,  not  «veu  oi^iile  vompouuda  are  nutritive  tmUca 
ihe;  iirn  supplied  in  their  nnturnl  sinto-  I'lin^  fibrin,  pure 
gelatin,  and  other  principIeB  purified  from  the  Bub»t«nc«i 
naturally  lutngUtd  witli  thtiin,  aru  incapable  of  supporting 
lifu  fiw  more  than  a  brief  time. 

Moreover,  health  cautiot  be  maintained  bj  any  number 
of  aubstanuea  derived  oxcbiwvniy  frrtm  <in«  only  of  the  two 
chief  gnnips  of  alimentary  principles  mentioned  ttbora.  A 
mixti)'^  of  nttro;^euous  aud  ivi>a-uitro|t6Di>uB  organic  sub- 
Btances,  together  wil)k  the  inorganic  princ;ipluH  whicb  ar« 
sovi-niUy  (xintained  in  them,  is  essential  to  the  wcll-ljning, 
and,  generally,  even  to  the  esiHtence  of  an  animal.  Th« 
truth  of  this  is  demonstrated  by  experimt-uta  performed  for 
the  purpose,  and  is  illustrated  by  the  composition  of  tho 
food  prepared  by  nature,  as  tlie  cxclu^ve  source  of  DOtt- 
rishmeut  to  the  young  of  Sfammalia,  namdfi  mtlk. 

CouposinoK  or  Mn-x. 

HtiDiBD.  Ovm. 
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In  milk,  as  will  be  seen  JWm  the  prooodiag  biUe.  tho 
ftlbuminoua  group  of  aliments  is  represented  by  the  casHn, 
the  bleagiunuB  by  the  butter,  the  atjueous  by  the  water, 
tlie  saccharine  by  the  sugar  of  milk.  Among  tho  salts  of 
milk  are  likewise  plioepbale  of  Ume,  alkaline,  and  other 
salts,  and  a  trace  of  iron ;  so  that  it  may  bo  briofly  said 
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Indudo  nil  tba  mbstaiioes  which  the  tis«uc«  of  tho 
growing  animal  n««d  fbr  their  nutntiOD,  and  vhich  azo 
nqoired  fur  thd  pro<luL-tioD  of  iininin.1  h«iit. 

The  ytik  and  slhuincn  of  *iggn  ore  in  the  eamQ  relation  na 
food  for  th«  embiyoee  of  oviparous  aoimala,  that  milk  ifl  to 
the  young  of  Mumtniiliu.  and  nlford  onnthor  racamplu  of 
nixed  food  bung  provided  at)  the  moat  perfect  nutrition. 

CoMPOBiTioti  or  Toirui'  Eo«k. 


WWto. 

T«ik, 

ir«i«r 

.     So'o 

•    5373 

Albnin*n 

.    .     iss    .        . 

•     •7-47 

Muvna 

.      4i  Yollow  Oil 

■    «»-7S 

Mis    . 

_■ .  .      *\t    .   .. 

.     .      4D    . 

..      t' al.   .        
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-       »  .       t    . 

mtmtB  ilhutratiag  the  same  principle  bare  heen 
hy  Afagendis  and  otlwrv.  Dog^  were  fed  ex- 
doMTvlj  on  sugar  and  diHtillvd  water.  During  the  first 
•even  or  eight  dnvs  they  were  briak  and  active,  and  took 
their  food  and  drink  aa  usual ;  but  in  the  course  of  the 
MCOnd  woek,  thoj-  began  to  get  thin,  although  their  api>e- 
lite  continue  good,  and  they  took  daily  between  six  and 
viglit  ouu(.«!i  of  augar.  Tlie  emui.'iatiou  increased  during 
third  week,  and  they  became  feeble,  and  lo«t  thftir 
fOfd  appetite.  At  the  same  time  an  ulcer  formed 
QOmcii,  fullon-ed  by  an  esuupe  of  the  huuiuun  of 
ey%:  thia  took  place  iu  rejieuted  experimonta.  Th« 
animals  atiU  continued  to  eat  three  or  four  ounces  of  sugar 
doily;  but  bwamu  at  length  so  feeble  as  to  be  iuvapable  of 
motion,  and  died  on  a  day  varying  from  the  thirty-firat  to 
tho  thirty -fourth.  On  dissection,  their  bodies  prosontod  all 
tho  appoontnces  produced  by  di>atli  from  ntarvation ;  iu- 
deed,  dogs  will  live  almost  tike  some  luugth  of  timo  without 
any  food  at  all. 

^Vhen  dogs  wore  fed  exclusively  on  gum,  results  almost 
similar  to  the  above  ensued.  AHieu  they  were  kept  on 
otivo-oil  and  water,  all  the  phenomena  produced  were  th* 
saiDie,  except  that  no  uluerotiou  of  the  cornea  took  place  : 


the 


the 
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the  efiecta  were  alM  thd  Bama  vifli  batter.  Ti^mnBiin 
and  tjinoliii  tilitiUDt^  Torj  vmilur  miiultti.  Tli^y  fed 
diffarttnt  g«e«e,  ona  with  sugar  and  water,  anotlMtr  with 
gum  and  water,  and  a  third  with  tXareh  xai  water.  All 
yradually  lo«t  wdgtit.  Tlio  vun  fi>d  with  gtim  died  on  tha 
•ixtocnth  day  ;  that  f^  with  sugar,  on  Iha  tweatj-Mcond ; 
the  third,  wlticb  was  fed  nith  starch,  on  the  twcoty-fourth ; 
nnd  iinolhcr  on  the  twenty- »nvni)lh  day ;  linring  lost, 
during  these  periods,  from  one-sixth  to  one-hnlf  of  their 
weight.  The  enierita«ms  of  OioBsnt  and  Lelellier  prow 
tlie  same;  und  iu  mt-n,  the  Hruno  is  uliown  by  tlie  various 
disciuei  to  which  they  who  consumo  but  little  nitrogenout 
food  are  liable,  and  eepecially,  as  Dr.  Budd  has  ^own, 
by  tho  oiFbction  of  thn  nonicu  wtiiob  in  observed  iu  IHudiu 
feeding  almost  exclusively  od  rice.  But  it  ia  not  only  tha 
Bou-nitro^euouB  stibatau<!«s,  which,  taken  alone,  ar«  in- 
sufflcimt  for  the  miiintniiiinco  of  liooltli.  Tlio  oxporimecla 
of  the  Academioe  of  Krauce  and  Ameterdaia  were  ecjUHtlf 
MHiduairu  that  j^atin  uloiio  >oao  coaana  to  bu  nu- 
Mtiv*. 

Mr.  Savory's  observations  on  food  confirm  and  extrnd 
the  remlta  obtained  1<y  Mngt-ndiK,  Chot».il,  and  oUu-n. 
TTiey  show  that  animals  fed  exclusively  on  non-nitrogenou* 
diet  apowlily  omadato  and  die,  bb  If  from  Ktnrvntioa  ;  that 
a  much  larger  amount  of  uriue  is  voided  by  tliooe  fed  with 
nitro^couM  than  by  thoM  with  noii-uitro^noiis  food ;  and 
that  nnimsl  hent  i«  mnintoined  n«  well  by  the  former  as  by 
ihe  latUrr — a  fact  whitb  proves  thai  nitrof(euoua  elMn«H« 
of  fonit,  OS  well  as  uou-iiitrngvtnDun,  rany  be  n^rtled  m 
calorifaeient.  The  d  on 'nitrogenous  principles,  however, 
he  believes  to  lie  calurifncieut  CKNCTitiiilly,  not  lining  fint 
converted  into  tissue  ;  but  of  the  nitrogenous,  he  believes 
that  only  a  part  is  thus  direolly  ealorifocioat,  the  rest 
being  employed  in  the  formation  of  tissue.  Contrary  to 
the  views  of  Liebig  and  I.ehmann,  Savory  has  shown  that, 
while  auimals  speedily  die  when  uonficed  to  non-nitni- 
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genou*  *li»t,  tiuy  may  live  long  when  fed  exclusively  with 
mtrog«ikoii8  food. 

Man  it  ftupiMrted  a»  wAl  hj  fixxl  ctiniititutMl  whnlly  of 
tnomal  mbstancefl,  as  by  tliat  which  ia  formed  eotirely  of 
Tegetable  mttttn,  on  the  coudition,  of  coutm,  tliKt  it 
CMitKiD  n  mixtun  of  tbo  variouo  nitro^noun  and  iion> 
oitroi^eiunu  substancM  jtut  fttiown  tn  be  ewential  for 
healthy  nutrition.  In  the  cilm  of  cuntivorouH  animals,  th« 
food  upon  nhicb  they  exi»t,  oonsirting  u  it  do«*  of  tltu 
&eaix  aud  blood  iif  olhor  animala,  not  only  contoiua  all  the 
c>lein4>nl)  of  which  thrar  own  blood  and  tiwttm  on)  com- 
posed,  but  (ymtains  tliem  combined,  probnbly,  in  tlio  umw 
forma.  Tlien-foro,  lilllit  moro  may  sat-m  re({ui»iiie,  in  the 
piwpftratioii  of  this  kind  of  fond  for  tho  nutrition  of  the 
body,  Utan  that  it  should  be  diaeolved  and  conveyed  into 
the  Mood  in  n  comlition  mpnblo  of  buiiif^  rfr-orgumzod. 
But  in  (he  oaao  of  tli«  berbivoroua  animals,  whicli  feed  «S- 
clnUTely  upon  vcgdablo  substniK^vs,  it  might  M-L-m  on  if 
there  would  be  i^reatcv  difficidty  iu  procuring  fwd  capable 
of  MaintiLUion  into  thoir  tilood  and  tiftnucH.  But  the  chief 
ordinary  atticlos  of  vogotnbte  fooil  contain  mh»tan<«ii 
identic«l  in  ciciin[iosition,  wiDi  the  albumen,  Bbrin,  and 
cuein,  whU-h  constitiito  the  [irincipnl  nutrilire  matrrial*  in 
utimal  food.  AlbtiineD  is  abundant  in  the  jtiicei  nnd 
■hkU  of  nuarly  all  vi-gotiibiirH ;  tbe  ^Iuli*u  which  ('xiHtK, 
oepecially  in  com  and  other  6t«da  of  gra»see  as  well  as  in 
tkoir  jiiiovs,  ia  idnntiml  in  <>oin]>()>uli<iti  with  Gbrin,  tind  i* 
often  named  vegetable  tibrin ;  nnd  the  substJtoco  named 
legomen,  which  is  obtaiiwtd  enptK-xally  ti-otu  peas,  henna, 
and  other  seeds  of  le^miuoiia  plnnti<,  luid  from  tho  potato. 
is  identical  with  the  t^aaein  of  milh.  All  these  vegetable 
substoDcee   are,    e<^ually  willi    thn   cnrrv^[)oudinj;   animal 

Iprinriplps,  and  in  the  same  manner,  capable  of  conreniion 
into  blood  and  tiwun;  und  iu>  ibo  bluud  and  tissut!*  in  both 
cla«e-«  of  auiuiiUs  ore  alike,  eo  nlw)  tlio  nitrngonotis  food  of 
both  may  bo  rogardL-d  as,  in  eaaectial  respects,  similar. 
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It  is  in  th«  rdntim  qtinntiliM  of  tlm  nilrogenoua  nnd 
noii-nitnigiMiDiis  roTnpounds  iii  tht<m  diffcrpat  foods  thai 
the  difr^Tpnce  lies,  rather  tlion  in  tlie  presence  of  subctancM 
in  one  of  thein  whicli  do  not  ivxist  in  lUo  olb«r.  The  only 
nou-nitrogroious  compounds  in  ordinary  animid  food  ufi 
th»  tat,  the  saline  m&tters,  and  water,  and,  in  sonio  in- 
etaDC#«,  tho  vcgi^tnliln  niiiltt^nt  wliich  may  chttDCO  to  be  in 
tho  digrstive  canals  of  euch  animals  as  one  mtcn  whole. 
The  amount  of  these,  hcwerar,  b  allag«tber  much  I«« 
Ibon  that  of  the  non-nitrng^'nous  subebracw  rt^reaeuted  by 
the  starch,  sugnr.  gum,  oil,  otc.,  ia  tlie  vegetable  food  of 
herbivorous  auimols. 

Tho  clTects  of  total  deprivation  of  food  have  bn«n  mada 
the  Buhject  of  experimeuu  ou  tho  lower  aoiinale,  taxi  ban 
hetai  but  too  fnijumtly  illuNtrAtod  in  man. 

(l).  One  of  the  most  notable  clTectB  of  etturatioB,  a* 
might  be  expected.  Is  toes  of  weight ;  tlie  loss  being  greatest 
ut  first,  OS  a  rule,  but  afterwards  not  varying  rory  much, 
day  by  day,  until  death  ensues.  Chosaat  found  that  the 
ultimate  proportional  ]oss  wiis,  in  dilTi^ent  luiimula  Gxperi< 
monted  on,  almost  exa(^tly  the  same;  death  occurring 
when  the  body  had  lost  two-fifdia  (forty  per  cent.)  of  its 
original  weight. 

Uifferent  parts  of  the  body  bso  weight  in  Tery  different 
(iroporliuus.  The  foilowing  results  are  taken,  in  round 
numbers,  from  the  tubli;  given  by  M.  Chossnt : — 


PatlMM    . 
Blood    . 

Urtr 
Hwu-t    . 

liiUMiiics  . 

MiiMi'Ixa  uf  lumiuottun 

iituiuitcl]  loSUK 


9J  PCT  cmt 

■s 

7" 

64  .. 

S"  .. 

44  .. 

4»  .. 
43 

39  .. 
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HriK 3j  ., 

RUMJrS  -3'  » 

Braptraloi7  appcnltii  .33  .. 

Boon i^  ■• 

Ejrw lo  „ 

Komutj«Uni  ,       .    .      3  „  totfAy}. 


(i).  Tho  «ffcct  of  starvntion  on  tho  lompernlure  of  tli« 
'Tsrioos  animals  axperimeiited  oa  bj'  Clioasat  waa  rcrj 
I       marked.     For  »onj»  time  tho  variation  in  tho  (loiljr  toinp«- 
^P  rftture  woa  more  marked  than  ita  abaolute  and  cootiiiuous 
diiuuiulion,  Iho  diiily  flucttiation  amounting  to  5"  or  6"  F., 
inntMul  of   1°  or   2'  F.,  as  in  health.     But  a  short  time 
^ft  before  death,  the  tein[>eruturfi  f«U  very  rapidly,  and  death 
^^  euMUL'd  when  tho  low  hiwl  amoiinlcid  to  atwut  30"  1'.    It  haa 
boen  oflen  said,  and  uilh  trulh,  although  tlie  etnt«ment 
requiiea  some  ijiuil locution,  that   di-iilh   l>j-  Hlurv&tlon  is 
nail;  death   by  cold ;  for  not  only  has  it  boon  fuuud  that 
diSereDcea  of  time  with  regard  to  the  period  of  the  fatal 
retiult  uro  attended  1>y  tlio  Kumc  uUimato  loHa  of  heat,  but 
the  effect  of  the  application  of  external  Marmlh  to  animnlii 
cold  and  dying  from  atjirraticm,  is  more  effectual  in  reviving 
thorn  thftn  the  administrntiou  of  food.     In  other  words,  an 
Bzumal  exhausted  by  deprivation  of  nourishment  is  unablo 
BO  lo  digest  food  as  to  use  it  as  furl,  and  therefore  is  de- 
pendent for  heat  on    its  supply   from    without.     Sittiihtr 
fiicttt  are    oflun  ohsurvod  in   lift  ttcatmeDt  of  exhaustivo 
ffliiliiiiiiii  in  num. 

(3).  The  symptoms  produced  by  starvntinti  in  tho  human 

•ubject  are  faunger,  accompimied,  or  it  may  bo  roplacod, 

'  pain,  referred  to  the  region  of  tho  etomacit ;  iusatiable 

at;    aleeiiluiiHiess ;    general  weakness  and  emadation. 

I  exhalations  both  from  tlie   lungs  and  skin  are  fcetid, 

indicating  the  tendency  to  decomposition  which   belongs 

to  badly- no itriJiBd  tissues ;   and  death  occurs,  somiitimea 

niloi  the  additional  exhaustion  causud  by  diarrhffia,  oHeti 
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with  symptoms  of  nervoua  disorder,   ddiriam,   cr  con- 

(4).  In  the  human  suhj«ct  death  commonly  ocrun 
vttliin  tiix  to  tut  duvH  tiil«r  totul  di-iiriviiUo»  of  food.  Itut 
this  period  may  bo  coQsidorahljr  prolonged  hy  tiUciug  u 
vtTy  xninll  ijuaiility  of  food,  or  even  water  only.  The 
cnr^ps  «o  frotpirntly  rflitti.-d  of  Hurrivul  nftor  nutoy  days,  or 
even  some  weeks,  of  abetineno^,  hare  been  duo  eilhor  to 
tliK  laHt-m«utioned  itrcumstaticea,  or  to  others  leas  effectual, 
which  prcTontod  tho  Iom  of  huut  and  nioiatitrn.  Ciues  in 
wliicU  life  has  continued  after  total  abatinonce  from  food 
kni]  drink  for  many  weeks,  or  months,  exist  only  in  tli« 
imagination  of  tii«  vnlgnr. 

{5).  The  appearances  presented  after  death  from  starw 
tioa  aro  thoim  of  giincrul  w&Hting  mid  blooillcssuuwi,  (be 
latter  condition  being  least  nolic^abto  in  the  brain.  The 
stomiKJi  and  intestines  are  empt}'  and  contracted,  and  the 
vftllH  of  thp  Ifttti-r  ucitidly  ap[)c«r  romnrkably  thinned  and 
almost  transpatynit.  I'ho  tutunl  secretions  an  scanty  or 
absent,  with  the  exception  of  ihe  bile,  which,  someirbat 
rancpntrntfui,  uHuntly  fiUs  tho  gull-bludiliir.  All  purti  of 
tbe  body  readily  decoiDpose. 


It  hns  just  bcim  rf(mirk(>d  that  man  can  live  upon 
aniniul  matlers  alone,  or  upon  vegetables.  Tlio  structure 
of  his  teeth,  however,  as  well  as  experience,  eeena 
to  declaro  that  be  is  best  £Ufd  for  11  iiiixmI  diet;  and 
tho  enms  infttrenco  may  bo  n^ulily  gsth«red  from  other 
facts  and  coasiderstions.  Thus,  tbe  food  a  man  takes 
into  his  body  daily,  represoiits  or  ought  to  reprasont 
the  iiuautity  and  kind  of  matter  neceiuar^-fiirreiilftciug  tfaat 
which  i«  duily  cast  out  by  the  way  of  lunga,  skin,  kidncyii, 
oud  other  organs.  To  find  out,  therefore,  the  quantity 
nnd  kind  of  food  nfoessuy  for  n  healthy  man,  it  will, 
evidently,  bo  the  be»t  pbin  to  consider  in  the  first  place 
vhat  he  loses  by  excrution. 


E  DAILY  LOSS  OF  CABBOK  AND  NITHOGES.  253 
For  iha  sake  of  exampln,  te-o  raaj  nov  inko  odIj  two 
tticnla,  carbon  end  nitrogen,  ond,  if  n-e  discover  what 
miouiil  of  lhe§e  is  respectively  diactiai^eil  in  a  f^Iven  timo 
tram  the  IkmIj',  vrc  Hholl  hn  in  u  jioutioa  to  jud^  wliat 
kiiul  of  food  will  most  readily  and  economicnlly  replace 
their  loM. 

PXli«  qmmtitf  of  rarboQ  daily  loit  from  tlin  body  nmoiint* 
to  about  4,500  grains,  and  of  DttrogeD  300  graina;  and 
if  •  man  ootild  be  fL-d  by  tbme  elooieiita,  aa  ouoh,  tka 
pTolilein  irould  bo  a  rory  Himplo  odo;  ■  eornxtponilis^ 
iroight  of  chmvoal,  and,  alton-iag  for  the  oxygen  ia  it, 
^ft  of  Mmoepberio  air,  would  be  all  tliat  is  neceaaary.  But, 
^P  aa  boforo  remaritcd,  nn  animul  can  liv*  only  upon  tltew 
eletneota  wb«a  they  are  airao]^  in  a  particular  roaa- 
Der  with  otben,  in  the  form  of  an  or^iuic  L-umiiuuiid,  an 
album«D,  Btorcb,  and  tha  like;  and  the  relatiTs  propor- 
^P  lion  of  carbon  to  Ditxogeu  in  either  of  tkeae  oompounda 
aloc«,  ix,  by  no  mran*,  tlii?  pmportinu  riMjuinid  in  tliu 
diet  of  man.  'tlio  amount,  4,500  ^ains  of  carbon,  repr4- 
•ml*  about  fiflcon  lirni^n  the  quantity  of  nitrt^^en  rtHjuired 
in  the  same  poriorl ;  nitd,  in  albumen,  the  proportion  of 
carbon  to  nitrogen  U  oulyaa  35  to  i.  If  therefore,  a  man 
took  into  bin  body,  ox  foiid,  niifRciRiit  alliumcn  to  supply 

I  Mm  with  the  needful  amount  of  carbon,  ho  would  r«ooiTe 
mom  tlian  four  limi-s  oti  much  nitrogen  as  he  wanted ; 
and  if  ho  t(Mik  only  Milikic-nt  to  Mupply  biin  witli  nitru;-i>u, 
be  would  be  etflrved  for  want  of  cnrhon.  It  is  plain, 
llterefore,  tliat  lie  &lioiild  l«ke  with  the  albuminous  part 
of  his  food,  which  conlnina  »>  largo  a  rt'Iative  amount 
of  Ditrogen  in  pioporlion  to  the  carbon  ho  ncwlN,  Nub- 
■taocot  in  wliidi  tlie  uitrogeji  exists  in  mucli  smaller 
quantities. 

Food  of  tlus  kind  is  provided  in  sndi  compounds  aa 

starch  and  fat.     Tlio  latter  iudei]4  as  it  exists  for  the  most 

part  in  oon«idernbte   nmonnt   miiigli-d  with   tbu  Qaili  of 

^^smUaala,  remores  to  a  great  ostcnt,  in  a  diet  of  animal 
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fbod,  tlt«  difficulty  which  would  othf^rwise  ftriae  from  n 
d«6cioiic7  of  cnrhoii— flit  <K>ntmning  a  Ui^  relatire  pra- 
pOTtioD  of  this  elemont,  and  no  lutmgcin. 

To  tuke  auoth«T  exami>la;  iho  proportion  of  carbon  to 
nitrog«D  in  bruod  in  about  30  to  i.  If  a  niun'a  diet  were 
confined  to  bread,  he  would  ent, '  th«Nfo<ro,  in  order  to 
obtain  tiia  riHiuiute  quantity  of  nitro^^en.  twice  aa  much 
oarboQ  oa  is  neneBSory;  and  it  i«  vTt<li'[it,  Uiot,  in  this 
inatanoe,  a  certain  <iuantity  of  a  substance  with  a  large 
rektivo  amount  of  nitrogen  is  the  kind  of  food  neoeeeai; 
for  rodreesiDg  the  balaniw. 

To  place  the  preceding  {Jscta  in  a  tabular  form,  and 
taking  meat  aa  an  example  !nst«ad  of  pure  albumen  :~ 
moat  contains  abont  10  per  cent,  of  carbon,  and  rather 
more  than  3  per  cent  of  nitroeen.  Supposing  a  man 
to  take  :iieat  for  tlio  ftupjily  of  tlio  uet^ful  carbou,  he 
would  rci^uiro 45,000  grains,  or  noarly  6^  lbs,contniniDg:-~ 

Cirtioa 4.500  gntns 

KilT0B«Q i,;So     „ 

Exeat  of  Nitrogoa  ahove  the  unount  icquifod    I  joo     „ 

Bread  contains  about  30  per  cent,  of  carbon  and  I  per 
cent,  of  nitrogen. 

If  bread  alone,  therefore,  were  taken  as  food,  s  man 
would  raquini,  in  ordiir  to  obtain  the  requisite  nitrogen, 
30.000  groins,  containing — 

C»hon 9,000  j^in* 

Kiln^sa i<^     •> 

Bxcvn  oC  Carbon  abore  the  amount  required    .    4,500     „ 

But  a  combination  of  bread  and  meat  would  supply 
much  more  economically  wliat  whs  uuccHsary.     Thus  — 

Cirtton.  Kitn>|[cn. 
15,000  jfiains  of  tireail  {or  rntlior  more  lliau 

:1b.)  con t4i ill 4,500  grt.  150  |p«i 

5,000  gnias  of  incut  (or  stioal  fib.)  ContuD  ..        500  ,,  150  „ 

S,0»  „       300  „ 
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So  that  ]  lb.  of  mrat,  and  Iom  than  2  lbs.  of  bread 
irould  supplf  all  tbe  needful  carbou  tuid  uitrogon  wilb  but 
Utde  v&!ite. 

From  thcM  facts  it  will  be  plain  that  a  mixed  diet  is  tb* 
best  aud  moat  eocinomioJ  food  for  man;  aod  the  result  of 
rxporicncn  entirely  coincidoa  with  vhat  might  have  bM> 
anticipated  on  tlieoretical  groimda  only. 

It  must  not  be  for^ttcD,  howovftr,  that  the  Talu«  of 
c«rt4uu  fooiU  Toay  dcp<!tid  <{uiUi  an  much  on  their  digesti- 
bility, oa  on  tho  relative  quaatitios  of  the  tteatamy 
ulumcnta  which  th«jr  contain. 

In  actual  practico,  niorvoT«r.  tbs  qnaatitjr  and  kind  of 
food  to  bo  taken  with  most  e<«nomy  and  advantagv  cannot 
bo  aettlud  for  f.iuh  individual,  only  by  connidumtiuns  of  Iho 
exact  quantities  of  certain  eiemonts  that  are  requii^d. 
Uudi  will  of  necetiuqr  depend  od  the  habita  and  digcxtivo 
powan  of  the  tndivtdual,  on  th«  stalo  of  hia  oxcretoty 
orgaiu,  and  on  many  other  drciirastoncos.  Food  wbii^h  to 
oae  person  is  appropriate  enough,  may  be  4juitv  uutit  fur 
another;  and  tli«  ciuui^i;;!  of  diet  so  inatinvtiroly  prao- 
daed  by  all  to  whom  they  are  possible,  bare  much  mure 
nJiable  grouiida  of  justi&Latioa  than  any  wlitch  could  be 
framed  on  thaoratioul  <  unsiddratioiis  only. 

In  many  of  the  experiueotd  on  the  digestibility  of 
various  artields  of  food,  dixgiutt  at  t>ic  Bamcnmif  »f  the 
diet  may  have  had  ns  much  to  do  with  inability  to  consume 
and  digost  it,  as  the  waul  of  nutritious  properties  iu  the 
substances  which  wcro  experimoutcd  on.  ,\nd  that  disease 
may  occur  from  the  want  of  particular  food,  is  well  aboWB 
by  the  occurroncv  of  scurry  when  frenh  vegetables  are 
dafleiciit,  and  its  rapid  euro  wbcn  ttic<y  are  again  eikleu : 
Bad  the  diaeaaQ  which  is  here  so  remarkably  evident  in  its 
l^mptoins,  oanaea,  and  euro,  is  mutcbod  l>y  nunibrrleM 
Other  ailments,  the  caus««  of  which,  however,  although 
annlo^)U!>,  ai«  less  exactly  knovm,  and  therefun:  toss 
easily  combated. 
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With  rfgard  to  tlin  <iiiiinlilj-,  too,  as  w«ll  as  tlie  kind  of 
food  Dece68ai7,  tliera  vUl  b«  much  diverei^  in  difFeraat 
iuiIiriduolH.  Dr.  Dulton  bttlievod,  from  Bomft  experimenta 
whicfi  ho  porformod,  tiiut  tUo  iimintity  of  food  iiuceasary 
for  a  IioatlLy  man,  ttiiiiiig  free  fxenise  in  the  open  air,  is 
■It  follows : — 


Mnat 

.    .     ifi  owM^  or  inolb.  aToitd. 

»n»A    . 

■    19     ..       ..  <->9 .. 

liunvr  or  Fat    . 

s^  ••    w  o-M  „    ., 

WollT    . 

.    sallnidon.,,  yifi  „       „ 

TIiH  <|uiintity  of  meat,  however,  hero  giTtip  is  probably 
more  in  proportion  to  Ibo  oilier  articles  of  diet  enimieraipd 
tliau  is  needful  for  tLo  majori^  of  individuals  under  th« 
nrcuinatnnoctt  ■•ttitod. 


PAUAQZ   OV    FOOD   THROtJOII    TlIX    AUUKXTART   CAXAL. 

Th«  courm  of  the  food  throuj^h  the  alimentary  canal  of 
nan  will  bo  readily  iM-oii  from  the  iK!«imi«m; ing  diagram 
(fig.  C6).  Tlw  food  Ukkoti  into  the  raotith  piuaw  Ihcait* 
through  the  onophat;^  into  Ihe  etoinach,  and  from  lhi« 
into  tho  Kinall  and  largo  intos^ino  ei;coi>)airi>ly ;  ^^iliiallr 
lo«ing,  by  abeoq>tion,  the  greater  portion  of  it*  niitriti«i 
conttituenta.  The  residue,  together  vilh  auoh  matters  as 
may  haro  bu«ii  udiW  to  it  in  its  paii«ig«,  la  disdiaij^ 
from  the  rectum  through  the  auuR. 

Wo  shall  now  consider,  in  dotail,  the  process  of  diges- 
tion, as  it  lakes  place  in  ntuh  stage  of  thu  jotinioy  of  tlio 
food  ttuough  the  alimentary  canal. 

The  Salitary  Glands  and  tht  Saliva. 

Tlio  first  of  ft  series  of  changes  to  nliidi  iJmi  food  is  sub- 
jected in  the  digestire  canal,  takes  ptiuw  in  the  cavity  of 
the)  mouth ;  the  solid  articles  of  food  are  here  aubniitted  to 
the  action  of  the  teeth  (p.  59],  whsrvhy  they  or«  (UvidL-d 
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uliraiy  glands,  and   the  tnucns  eeoeted  by  the  Unm^ 
membntne  of  tho  wiinln  )>uccid  i-ari^. 

The  glands  eoncemei]  in  Ibci  produttion  of  tatiui,  en 
Terj-  exk-mirc,  aud,  in  man  and  Mammnlia  geiicfmlly,  ai« 
preMiitrd  in  tJi«  form  »f  foTir  pisire  of  Wg*  gliuids,  tlio 
parotid,  submaxillar}-,  sublingntJ,  and  numerons  smaller 
bodies,  of  stmtlar  struetnre  and  with  separate  ducts,  vhxcb 
■19  soattomd  thir-kljr  linnnnlJi  tlic  nturoun  nerabraiiv  of  tlie 
lips,  cheeks,  soft  palate,  and  kkA  of  the  tongiie.  The 
structure  of  all  these  glands  is  easentisllj-  the  same.  Eadi 
U  compamd  of  several  jmrt*,  r*lW  lohrx,  whit-h  ana  joined 
together  by  areolar  tissue ;  and  oarh  of  theve  lobes,  sgsia, 
is  made  np  of  a  number  of  smaller  parts  c-nlled  tohuin, 
bound  together  as  befoiv  1:^  areolar  tisnia.  Eadi  of  these 
smoU  dirisions,  called  lobules,  is  a  miniature  mprosentation 
of  tlie  irhole  gland.  It  contains  a  small  branch  of  the 
duct,  irhirh,  suMiridiTig.  end.i  in  nnall  vesicular  {lOltcllet^ 
called    acini,  a  group   of  which  tns^  be  coiundcri-d   th* 


diUted  end  of  one  of  tlie  smaller  ducts  (fig.  67).  Eadi  of 
the  acini  is  almut  yj-j  of  an  inrJi  in  diamvtrr,  and  is  formed 
of  a  fine  stnictureless  membrane,  lined  on  tlie  inner  Burfura 
and  ollen  filled  b;  spheroidal  or   glandular  epithelium; 


*  Fig.  (l^,  Dingnm  of  s  niMmoae  or  uni^imlar  compound  ({land ;  si. 
entire  t;l«ncl.  siion-ing  bnmolird  iluH  ind  Johulftr  iim'^ture  :  it.  ■  lohulo 
clvtaubwl,  with  a,  bnmcli  of  duct  procecdiog  from  U  (>it«r  Sluiiief  .1. 
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n  tlio  ouUido  there  »  a  plexus  of  capillftry  Wood- 
veMels.  Tiic  nrcninpituying  dingrum  in  intoiuted  to  ahoff 
Ibe  tyi)ical  Htructurc  of  sucli  gUn<ls  as  tlie  saliytu^  [li^,  67)- 

Saliva,  oa  it  cominonly  lltiwa  from  the  uoutli,  U  mixed 
with  the  eocri>tioD  of  tho  mucous  iii«mbraDi>,  uml  ofteu 
with  air  bubbles,  whici),  htaog  tolaiued  by  iu  viscidity. 
makt>  il  frotliy. 

WhoD  obtaiued  from  tlio  parotid  ducts,  and  fn>o  from 
mucus,  saliva  is  ft  tiaosparent  watary  6uid,  the  specific 
gnivily  of  whirli  varins  from  1  '004  tn  I  OoS,  mid  in  which, 
when  examiDcd  irilh  the  microscope,  aie  found  ItDiilitig  a 
number  of  minut«  parliclee,  derived  from  the  eecrotiiig 
and  vesicles  of  ihe  glands.     In  the  impure  or  mixvd 

lira  are  fbuiid,  bcHidcti  Uiwu?  i>«rticle«,  uiimBrous  e]>ilhelial 
■calm  srparatwi  from  tlio  mrface  of  tho  mucous  mcmbraue 
of  the  mouth  and  tongue,  ami  mucus-corpuscles,  dischargeil 
for  tha  ino«t  part  from  the  tounils,  ivhicli,  when  the  saliva 
is  collcctod  in  a  deep  vessel,  and  left  at  rest,  subside  in  tlw) 
fiinn  of  a  white  opaijue  matter,  leaving  the  supernatant 
Kalivary  fluid  truuspanmt  tind  colourloM,  or  with  a  pale 
bluieh-^iey  tint.  In  naaicn,  the  cslivn,  when  fin>t  ncrrolcil, 
appears  to  be  always  alkaline ;  and  that  from  tlie  pnrotid 
gland  is  said  to  bu  mpre  ntrongly  allciliiie  tliiui  thut  from 
the  other  salivary  glands.  This  alkaline  couililion  in  most 
evident  when  digestion  is  goiug  on,  and  accotdiug  to 
r>r.  Wright,  thii  di'grce  of  alkalinity  of  the  iHiliva  bears  a 
direct  iwoportion  to  tlio  scidi^  of  tlie  frastric  fluid  eecrelfd 
at  the  same  time.  During  fojititig,  the  saliva,  although 
secreted  alkaline,  shortly  becomes  neutral ;  and  it  dues  so 
Mpednlly  when  Kecreti.'d  slowly  and  allowed  to  mix  with 
thfi  acid  mucus  of  tho  mouth,  by  which  its  aUcaline  leadioa 
is  tumtraliMd. 

The  following  analysis  of  tlie  saliva  is  by  Freiicba  :— 
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Cornpotithn  of  Saliva. 


W»Ur 

Bolids 


Ptjalin     .... 

Tut    ....        . 
F.|>lth*Iiam  ind  Hdciu 

Suli>ho-C]ranld«  of  Potwuiuni 
lliQvpliatr  of  .^Ik  . 

I,         f.  Limp.        . 

,.         »  M'pi''-"  ■ 
CIlloridD  nl  fioallum 

„         „  PoUvaiuiD     . 
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TA/  rati  at  which  laliva  »  ttcreted  is  tnilijet-t  to  oontldor* 
aUe  Tarintion.  When  tlie  totigiin  iinil  musrlea  coacenwd 
in  masticatiuD  are  %t  T^et,  and  the  nerves  of  th«  mouth 
Dm  nulijcct  to  no  luiusuid  Mimulua,  thv  quantity  wxrvtoj  it 
not  mor«  thna  sufli<.-ieut,  nilh  ttin  miit^uK,  to  k<>Dp  the  mouth 
tuoiet.  But  th«  flow  is  much  accelerated  when  tlie  more- 
iuent«  of  tnaAtication  take  plnon,  ttnil  fiep«cially  vhea  tber 
are  coiubined  w  Jth  [ho  presence  of  food  iu  the  mouth.  It 
may  be  oxcitisl  iiUio,  even  when  tlic  mouth  is  «t  tert,  by 
th»  nental  impressions  produced  by  the  tight  or  thought 
of  food ;  aUo  hy  the  introducUoa  of  food  into  the  stomucli. 
1'iie  intluence  of  the  lutler  ciri'umHtiuii.i>  wils  veil  shoim  iu 
a  case  mentioned  by  Dr.  Gairdner,  of  a  man  whose  pbatynx 
had  been  dividBil :  the  injection  of  a  meal  of  broth  iulo 
the  stoniiieli  was  followed  by  llio  cucrotioD  of  Cirom  bis  to 
eight  ouni>ee  of  saliva. 

Under  these  varying  ciroumHtaneeH,  the  qttantixy  of  saliva 
secreted  In  twenty-four  houi^  varies  also ;  it«  avera{fe 
amount  is  probuhly  &om  two  to  three  pint*  in  twenfy-four 
hours.  In  a  man  viio  had  a  fistulous  opening  of  tlie 
parotid  duct,  Mitscherlich  found  that  the  quaatily  of  saliva 
discharged  IJrom  it  during  twctity-fuur  hourn,  irca  from  two 
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fo  three  ouncea;  and  the  saliva  coUwrtcd  Irom  thu  moutli 
duriof;  th«  mnw  jxiriod,  imd  derived  from  the  oth«r  sali- 
THTy  glands,  amouuted  to  six  liuies  more  thao  tluit  from 
tiiii  tmii  parotid. 

Til*  pwrpout  unvd  Iry  nvJi'ra  are  of  wreral  ktnda.  In  Ifae 
first  [iliu«.  w.'tiug  m«('Jiaiii<;iilIj'  in  <!oiijiiDL-tioii  with  nivKiis, 
it  kc'im  tilt'-  mniiih  in  a  dm?  condiiion  of  moisture,  facilitat- 
ing tfa«>  moven)«nt8  of  ilie  tooji^ue  ta  NpealuDir,  and  tlie  maa- 
tjcation  of  food.  (2.)  It  Mrvm  idao  in  diMtolviug  npid 
au))«taDM«,  aud  rtiaderiDg  them  capable  of  exciting  the 
□ervee  of  taste.  But  the  priiKi|>a]  luethaiiiual  jnirjiOBa  of 
the  saliva  in,  {3)  ihnt  1>}- mixing  with  tho  food  during  tnas- 
ticatiou,  it  mak«a  it  a  tiolt  pulpy  ma^  such  as  may  he 
eusilj-  hwuUowihI.  To  tliis  purfioM;  thu  Kiliva  is  adapted 
both  hf  quantity  and  quality.  For,  epeaking  gonerallj', 
the  (junnlity  HtM.'rvti*d  duriug  feediu);  is  lu  dirw^t  ])roiiorti»u 
to  th«  dnnoM  and  hnrdoeM  of  the  food  :  as  M.  LoMaigne 
iiaa  shown,  by  a  table  of  the  quantity  produoed  in  the  tuaa- 
UeatiOD  of  a  hundriMl  part*  of  uacli  of  w.*votiiI  kind*  of  food, 
thirty  pnrls  suffice  for  n  hundred  part«  of  crumb  of  bread, 
but  not  l««s  than  uo  for  the  crusts;  43-5  part*  of -colivn 
an  pToduovl  for  tht;  faimdrcil  of  rotist  meat;  37  for  as 
ll. of  apples;  and  so  on,  according  to  thti  geiiprul  rule 
HatL-d.  The  quality  of  saliva  is  equally  ailnptod  to 
this  end.  It  is  ea*>-  to  om  liow  much  mora  readily  it  miiei 
with  most  kinds  of  food  than  water  alone  does ;  aud  M. 
Benlard  lias  sliowu  that  tlit?  saliv^i  llrom  the  parotid,  Ubial, 
and  o(h«r  small  glands.  Wing  moro  aqueous  than  the  rest, 
is  lliat  whith  is  chiefly  bnidnl  and  mixed  with  the  food  in 
niasticotiiin  ;  wliilo  iLo  nioru  viHul  mui'oid  M^civtion  of  tlie 
submaxillary,  palatine,  and  tonsillitic  glands  ia  spreAd  over 
the  suTfiw>e  of  tho  aon«ned  mass,  to  «uabte  it  to  slide  mure 
easily  through  the  faucet  and  o?»ophngua.  lliia  view  ob- 
tains confirmation  from  the  Iut«nHitiDg  fact  pointed  out  by 
I^fw«or  Owen,  that  in  tlio  great  nnt-ejitcr,  whow  enor- 
laouslf  elongated  tongue  U  kept  moist  by  a  largo  quantity 
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of  viscid  salira,  the  eubinnxillaiy  gtsmla  are  r«markabljr 
dcvolopcl,  'nhilu  ibe  puTulidit  are  not  of  uniiMml  niw. 

Boj-ond  tlicsp,  its  mocliniiidul  purposes,  sntiT-a  prrfdrmit 
(4)  a  uheinical  part  ia  tlie  digestiou  of  the  food.  When 
MiliTii,  or  a  poTtiou  of  a  aolivary  {tluud,  tir  cveii  a  portion 
of  driod  ptijniin,  19  nddod  to  stordi  pasto,  the  btarcfa  w  VMy 
rn^iidl/  tratisformed  into  dextna  and  giape<suf;ar ;  atid 
when  commiii)  rav  vtaruh  is  ntn«ticDt«d  and  niingltrd  wllh 
saliva,  aod  kept  irith  it  at  a  temperature  of  90°  or  lOO'', 
tlui  Btarch-grauis  are  cracked  or  troduJ,  uiid  tlielr  (xmUiita 
aro  traiirfumiMl  in  thu  aume  oinnnor  m  tho  •ULrrli-pnstC', 
Cl)nDg<>s  !>imilar  to  Uim^  aro  elTocled  on  the  etarcb  of  fitti- 
naoooua  food  (ospecialtj'  after  cooking)  in  Uie  stouofib;  and 
it  ■■  ruuiKiuaLlo  to  rcfor  iLnni  to  thu  uc-tion  of  thu  naliva,  bi<- 
CAiiM  tbo  acid  of  tho  gastric  Huid  tends  to  retard  or  pmvont, 
rath«r  than  javour  the  traneformaiion  of  the  atamh.  h 
may  Ihwxiforo  W  hc-M,  tlint  ouo  purpose  served  by  the 
Saiira  iu  tho  digestive  process  is  that  of  assisting  in  the 
Irauaforiuutiua  of  the  starub,  which  enters  so  largely 
into  the  iKunpontion  of  most  artioles  of  ^-pgetahlo  food, 
aixl  which  [beiug'  uaturully  iosuluble)  is  <'oiivorted  into 
soluble  dextrin  and  grupo-sugar,  and  inndo  tit  for  absorij- 
lion. 

Itnsidc*  nnlivn,  many  nxotixeil  substancre!,  eepecialty  if  in 
a  stale  of  incipient  deconii>osition,  ciny  oxeite  the  trans- 
formation of  atarob,  such  as  pieces  of  the  muLOus  mom- 
brans  of  the  mouth,  bladder,  rpitum,  and  (>:li«r  parts, 
various  animal  and  vegetable  tissues,  and  even  niurbid 
prndiids  ;  but  the  gas txiu  fluid  will  nut  produce  the  same 
effect.  'I'ho  transformntion  iu  (piestion  ia  cflected  much 
mora  rapidly  by  aaJUva,  however,  than  by  any  of  Iha  other 
tluida  or  substiiuoe*  experioMrnted  with,  I'xcnpt  the  pan- 
creatic secretion,  which,  as  ivill  bo  presendy  shown,  ia  very 
analogous  to  saliva.  The  actual  proccas  by  which  these 
changes  atv  cflected  is  sliU  uliMrure.  Pmbably  the  axoliaed 
aubstauce,  plyalin,  acts  as  a  kind  of  fermant,  like  dinMtBfl 
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m  the  pmOMA  of  oioltin^,  nnil  <ixi'it>^  molondar  cfaangM  in 
tli«  BUich  which  resole  ia  iU  trauaforiuatioii,  first  into 
tlcxtriu  trad  llien  iuto  au^ar- 

Th«  mnjoritjr  of  obscrrvn  nt^e  thai  the  traitsformaticm 
of  Btarch  iuto  sugar  ceasea  on  the  eatrauvu  of  iho  foot!  iuto 
th»  Momitch,  or  on  ih^  addttiua  of  gastric  Iluiil  ti>  it  in 
R  tait-tubo :  whito  utUi-jM  miiintnin  tlmt  it  «tiU  goea  00. 
Probsbty  ali  are  right :  for,  although  gsstrio  fluid  added 
to  ultTN  upjiuara  to  arreet  tho  action  of  thu  latter  on 
starch,  j«t  portiuns  of  Knlim  tninpKiI  wiUi  food  iu  tUM- 
tieatiOD  may,  for  soino  time  after  their  «DtraDce  toto  the 
atomaoh,  retnaia  unneutralized  by  th«  gaatrio  aeuvtioii, 
and  routinae  thoir  iofluooco  upon  tho  starchy  principles  in 
OODtac^t  viUi  them. 

Starch  apjwan  to  ba  th«  only  pniuajil*  of  fi>od  upim 
which  salifa  acts  cbemically  :  it  ha«  no  apparent  iiilluouos 
OD  any  of  ihe  other  ternary  principlfis,  such  ae  sugar,  guui, 
ftllilftt.  or  (according  la  Bernard)  on  fat,  and  wems  to  bo 
eqnallj  destituto  of  power  over  albuminous  and  gelatioouB 
Bubslaneea,  so  that  we  have  aa  j'et  do  infonuation  rei^wct- 
iug  any  purp(i:«n  it  cjui  wirvi:  iu  thn  digimtiiiH  of  Camivora, 
beyond  that  of  softening  or  miu'eratiog  the  food ;  th«uf;b, 
KinM  Hui-'b  auinala  masticate  their  food  very  lilil«,  uuually 
"bolting"  it,  ttu!  Mttlivu  haa  [irubably  but  littlu  UM  vroD  in 
this  respett,  in  the  process  of  digostiou. 

Panai/i'  of  Fuoii  into  tfu  Stomach. 

^^'h(■n  properly  masticated,  the  food  is  transniitted  in 
BOCceAstTo  portions  to  tbu  Ktomai.h  by  tlio  act  of  lUijlulilion 
or  twallairi'iff.  This  act,  for  the  purjxise  of  dwcription, 
may  bo  divided  into  three  i>arla.  In  llie  first,  particles  of 
fijod  collected  to  a  nionul  glido  botwecu  the  auriaoo  of  the 
tongue  and  the  palatine  arch,  till  thny  buvo  puaeod  tlie 
anterior  srch  of  the  fauces;  in  tho  second,  thu  morsel  is 
carried  through  tho  pliarynx ;  and  in  tlie  third,  it  reaches 
Uw  atomach  through  the  a>sophagus.       TLesu  throe  acta 
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follow  c&ch  otli^r  rapiil]}'.  The  first  is  performed  volun- 
tarily hy  tlio  inuHC'ltti  of  ibe  toii^e  aud  <-heFka.  Tlie  Mwond 
aUo  i«  dTocted  with  tbo  ni<l  of  inuM'l<-«  whidi  arij  in 
eodued  vith  voiuDtaiy  motion,  tiuch  as  ibe  muiiQleB  of 
M>ft  pnlnte  and  phurjux ;  but  it  i»,  ii<-T<!Tt}ii-l<!iw,  on  i»To< 
luntfti^'  ftct,  and  tak««  place  irithout  our  boisg  «b)e  to  pr«- 
vent  it,  as  soon  as  a  morsel  of  food,  drink,  or  saliTa  ia 
corriod  Ivickwiinln  Ui  u  ivrtuiu  point  of  Iho  toiiguo'a  lur* 
&ce.  When  wo  apponr  to  swallow  volunlflrilj-.  we  only 
eoore}',  through  the  lint  act  of  def^luiitioii,  a  portion 
of  fm>d  or  saliva  lioyond  tlie  anturior  anh  of  the  palntftj 
tlien  the  substnnoo  acte  as  a  stimulus,  which,  in  «o 
will)  the  laws  of  reflex  movemenla  hereaiW  tohedeeo-tbed, 
is  i-nrrird  lij-  thct  HcnHitivo  iicrvu*  to  thii  nxHliilhi  iililotigiile, 
when  it  is  reileeted  by  the  motor  nerves,  and  an  invohmtaiy 
adapt^.'d  action  of  the  mundoii  of  tho  palate  and  pharynx 
onenes.  The  third  net  of  di^glntition  takes  plnoo  in  tb 
Oiiophagus.  the  muscular  fibres  of  which  are  entirely  beyond 
the  tuflnencii  of  the  will 

The  second  act  of  deglutition  is  the  most  com| 
because  tlie  food  must  pass  by  the  posterior  orified  of 
nose  and  the  upi)er  opeuiug  of  the  larynx  williout  loudlting; 
them.  When  it  has  huen  brought,  by  the  fimt  art,  botwomtj 
the  anterior  arches  of  the  palate,  it  is  moved  onwards 
the  ton^ie  being  <^arried  backwards,  and  by  tlin  muNclM  i 
the  anterior  arches  contracting  on  it  and  Ihen  behind  it 
The  root  of  the  tongue  being  retracted,  and  the  laivux  1 
raised  with,  the  phiuynx  and  <-jirri<Hl  forwards  under  tlto 
tongue,  the  epiglottis  is  pressed  over  the  upper  openinj;  of 
the  larynx,  and  tite  moTSvl  gliden  put  it ;  tlie  clonire  of  the 
glottis  being  udditionntly  secured  by  the  simultaneous 
contraction  of  its  own  muscles :  so  that,  even  when  the  epi- 
glottis is  destroyed,  tliere  is  littlu  dangL-r  of  food  or  drink 
pasttng  into  the  larynx  so  long  as  its  muscles  can  act  freely. 
At  the  same  lime  the  ralHtng  of  the  soft  palate,  ao  that  its 
posterior  edgi?  touches  the  buck  part  of  the  piiaiynx,  and 
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ihfl  approxiinatioD  of  the  wdca  of  the  posterior  palatine 
unJi,  wliidi  move  <{uickly  invurds  liku  Hiiln  curliiuiH,  cIijsa 
tho  puMigo  into  tbe  upper  part  of  tiui  pharynx  and  llio  poK- 
tonor  iuii««,  and  form  an  in<Jined  plAoe,  along  the  und«r 
Burforca  of  vhicli  the  tuopiul  duacciiils ;  tliuo  the  pharynx, 
raifiod  up  to  towiro  it,  in  it«  turn  ccmtra(Tt»,  nnd  forces  it 
ouirurds  into  tho  onopliagus. 

la  the  third  act,  ta  whirh  tho  fi>o(I  paMM  through  tha 
oeophagns,  ererj  part  of  that  tube  as  it  rcceivM  the  morwl 
and  i«  dilati^l  by  it,  is  slininlatod  to  cuntm^t :  hence  an 
undulatory  contractioD  of  the  <e8ophBgus,  which  ts  easily 
ohaerrahlu  in  horwtH  wlul«  drinking,  ]ntioeeda  rapidly  aloDg 
the  tube.  It  is  only  when  the  morsela  awallowcd  an  la^e, 
or  taken  too  ijiuikly  in  auocewion,  that  the  progreesive  con- 
traction of  tilt  u-»iiphagui>  is  mIow,  and  utlondctd  with  pain. 
DIviaion  of  both  pneuiuoganlrio  uerrea  paralyzea  the  con- 
tracttlo  pon-or  of  tho  0E«ophagu«,  and  food  aoooidingly 
acoumuUt«a  in  tho  lube  (Bernard). 

Dionriox  or  food  ix  iue  »touacii. 

Structure  of  the  Stomach. 

It  appears  (o  he  an  almost  universal  character  of  animals, 
that  tluTV  haTO  an  inlitnial  riivity  for  tho  production  of  a 
chemical  change  in  the  aliinent-^a  cavity  for  dig<>stion ; 
and  when  this  carlly  is  com|>ouud,  the  part  in  which  the 
food  nndi<rgt»'ji  its  principul  and  most  imjiortant  ohangM  it 
the  stomach. 

In  man  and  thoMt  ^lamraalta  which  ore  prorided  with  a 
single  stomach,  its  wnttn  cinKint  of  tlimt;  distinct  hiycrs  or 

ats,  tI;:,,  an  external  peritoneal,  an  internal  mucous,  and 
int4trmrdtatn  niu«ciUiu'  coat,  with  blood-veaseU,  lym* 
phatios,  and  nerves  distributed  ta  and  between  them. 

Tlio  muncalar  toat  of  the  stomncfi  consistB  of  tliree  sepa- 
rate layers  or  sets  of  fibres,  which,  nri'ording  to  their  noreral 
dirediona,  are  named  the  lontritudinnl.  circular,  and  oblique. 
Tbt  tottffituJinal  sti  are  tlio  most  superficial :  ihey  are  con* 


aG6 


DIOESTIO.X. 


tintiotu  irllh  the  longitudinal  fibres  of  lb»  ODSDpfaag:iis,  And 
■praod  out  in  ii  dirarging  mnnnAr  over  tb«  grmt  cod  Kod 
ndea  of  the  slomnch.  Thej  extend  as  far  tu  the  pylortu, 
being:  especially  diatinct  at  tlie  l«iaer  or  tippor  I'urr-uture  of 
tlio  tttomuch,  along  whii^h  thi^y  paw  in  wovm^I  strong  bands. 
Tlie  nest  set  are  the  eirtiilar  or  Iraiiiftrte  fibres,  whkih  tnon 
or  Icaa  coinijletuly  encircle  all  [iiirta  of  thn  «t(iinjidl ;  th^f 
tn  most  ftbuDdast  nt  tlio  midilte  ond  in  the  pyloric  portion 
of  tlifl  organ,  and  foroQ  the  chief  part  of  thu  thioV  project- 
ing ring  of  the  pvloru.t.  Aixrording  to  I'cttigrew,  the« 
fibres  are  not  simplo  circles,  but  form  double  or  figure 
of-8  loops,  the  fibres  interseeting  very  obliqiiMy.  The  next, 
and  conwqtiently  dwipnst  »«rt  of  fibres,  are  tlio  oblique,  oon- 
tinuoiifl  with  the  circulaf  muscular  flbrea  of  tlie  iiwijthiigna, 
nnd,  uiH.'Urding  to  Pettigruw,  with  tlio  itnmo  double-looped 
nrratignnient  that  prcviiiU  in  the  prccoding  layer :  they  an 
Oonaparati»ely  few  in  number,  and  are  pIoMil  only  at  tlie 
cardian  orifice  and  portion  of  tlio  »lomach,  over  both  sur- 
faces  of  which  thc^  are  spread,  eome  pasung  obliqudy  from 
left  to  right,  otliete  from  right  to  lefl,  around  the  mrdiac 
orilico,  to  whicli,  by  ihc^ir  ttitorlncing,  they  form  a  kind  <rf 
sphincter,  continuous  with  that  around  the  lower  end  of  the 
oatophagus.  Tim  fibrt-ii  of  n-hi*:h  tlio  sovcral  muscular  layers 
of  the  etomath,  and  of  the  intewtinal  oanol  generally,  ore 
compotod,  belong  the  oloaa  of  organio  musclu,  bciing  oom- 
posed  of  smooth  or  uutriped,  elongated,  spiadle-shaped 
fibro-odls;  a  fuller  description  of  which  will  boginDunder 
the  head  of  Muw^nlnr  Tinue. 

The  mucoM  m4mbran«  of  the  stomach,  vhicb  rests  upon 
a  liiycr  of  loose  cellular  membrane,  or  aubmucous  ti«sa«,  is 
emooih,  level,  auf^  and  vL-lrofy;  of  a  pale  pink  colour 
during  life,  and  in  the  contracted  state  U  thron-u  into 
numerous,  cliiefly  longitudinal,  foldet  or  rugsu,  which  dis- 
appear  whon  thi:  organ  ia  diMtcndod. 

In  its  general  structuro  the  mucous  membrane  of  the 
stomot^h  niwiiiililea  that  of  otliur  parts  (Sec  Structure  of 
Jlucoua  Membrane.)     But  there  ore  certain  peculiarities 


shared  with  the  tnticoua  mcmbranfl  of  th«  snutU  and  liirgo 
iiiteetm«8,  which,  dtiublles-i,  aro  coim«<;Ud  with  the  peculiar 
functioua,  iM]>Dcially  thoM  n^latiiig'  U>  ahiioriitiuii,  which 
tli«se  parts  of  the  alimentary  canal  perfonn. 

Entering  largely  iuto  tht-  cousinicliou  of  the  muoous  mem- 
bnao,  especially  in  tho  i<ii{>i'rli<>iiil  put  of  tho  coriam,  ia  a 
'|tiitiitity  of  a  rcry  drJicnto  kiod  of  «oimcctivo  tiuu«,  callod 
Miform  tissue  (fi^.  ^2),  or  aomelimea  Jijmphoid  or  aiJUnoid 
tiasiM,  bocjiuau  it  HI)  clusidy  maumlilM  tliut  wliidi  fonnH  the 
Ktronui,  or  tupporting  frnmewoik  of  lymphatic  glands  (»«o 
Section  on  Lymphatic  Glooda) ;  the  re«emUaiice  being 
made  much  closer  by  the  lace  thnt  tlio  int<n'i<i>iUH;!i  of  thin 
I  TStifoiTO  tiesike  are  filled  with  corpuscles  not  to  be  distin- 
guished item  lymph-ccirpuaciea. 

At  tlic  di^T|HMit  [mrt  of  tlio  mucoiM  inombrane,  in  a 
layrr  of  unstriped  muscular  fibres,  called  the  muicularu 
tHueo$ti,  which  muat  not  he  coufuunded  ^-Jth  the  layera  of 
eiuada  conirlituting  tlto  proper  muAcular  cont,  nnd  (rom 
which  it  is  separated  by  the  submucous  tissue.  The  mas- 
cuJaru  miwasif  i»  found  lu  tlie  ccMpluiguN,  as  well  an  in 
the  Ktomiich  and  inlcttinc^. 

^^'heo  esamiued  with  a  lens,  the  internal  or  free  surbce 
of  tho  atomiu^li  pruHcutx  u  jjei'uliiir  hoin-'vcomb  BpiiciirniK'i-, 
produced  by  gbiiUow  polygonal  deprossiona  or  cells  ;iig.  68), 
the  diauieter  of  mhicL  varies  generally  from  xjitl*  to 
i-fjtii  (if  nn  iniJi ;  but  iKtar  tlio  pylorua  is  as  inucli  dm  -p^-cth 
of  an  inch.  They  are  separated  by  slightly  elerated  ridges, 
whicb  aometimee,  eepeclally  in  ceriaiu  morbid  states  of  the 
■tomadi,  bear  roinnte,  narrow,  viuwubtr  prnoeamw,  which 
look  like  yilli,  and  tare  given  rise  W  the  erroDeous  auppo- 
iitioD  tluit  the  ntonmdi  him  absorbiug  villi,  litto  tboMi  of 
the  small  intestines.  In  tite  bottom  of  tlie  colls  minute 
Openings  are  visible  (fig.  6H),  which  are  the  orifices  of  per- 

ndicularly  arranged  tiibidar  gland*  (tig.  69),  im  budded  side 

'  Ride  ID  sets  or  bundles,  in  the  substance  of  tlie  mucous 
mcmbiiiDu,  and  coni[iouDg  iicurly  the  whole  structure. 
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Till'  glands  wlii<-h  ttro  found  in  tlic  bningin  Htomacli  may 
be  divided  into  two  cloewa,  ttio  tubular  ond  Unlicular. 

Tul/ular  fflandt.  The  tiibulor 
glutuLi  ina}'  lie  ilRourilicd  tia  a  tol* 
l«otioo  of  cylinders  with  blind  ez- 
tremitiee,  about  ~,'ytii  of  tut  iuth  ia 
length,  and  j^^  in  dUiniptrr,  pac-hed 
«lasely  together,  vrUb  th«ir  Iobr  axis 
at  tight  anRlcfl  to  the  aurfiue  uf  tb« 
mucona  memljrnno  on  which  they 
opCD,  their  blind  ends  resting  on  the  submiioous  tissue. 
AsF.  6ftf  (Socfig.69).  TW 

nro  all  composed  of 
basement  in«m< 
brano,  Mid  lined  bj 
epithelisl  oella,  but 
tUuv  are  not  idl 
of  exnctly  uiuilar 
Bba]>e ;  for  while 
HOiuo  nrn  !timp1« 
Btiaigbt  tubes,  open 
nt  one  end  and 
closed  at  llio  other 
(fig.  69),  otlicr* 
present  at  theit 
deeper  extremilivs 
L.,iiKiirtdi«ii  nTaricflNO,  pouchod, 
reriionaiiin.  or  m  some  caMi^ 
even  a  branched  a]>pearance    (fig.    70,  b   and   e).      The 

*  Fig.  63i  SninI]  pnrlion  af  ths  furfaci?  of  tlic  muFoiu  tnviiibiBua  of 
the  Momacll  (from  Eekerl  y.— Tbe  ajHwimon  Uiown  iho  iIirIUk-  lJ^■ 
prruicni.  in  each  i>(  nhidi  tha  tmnnltor  ilnik  KfiiiU  ludli'stn  thv  oniret 
of  1  vnrluliln  niiinWr  of  the  KHttric  liil'iilitr  kIiihIh, 

t  Fig-  A9.  p{irli>>u  of  Iiiimin  itumnch  (mngnified  30  dUmcten]  mt 
veriirjitly,  liDtli  iu  n  dinKTlion  paralUl  to  iU  long  ui*,  and  wtmi  H 
(iillpn-J  frooi  BriiitouJ. 
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epitlicliiini   lioing  litem  U  not  Uie  tame  througliftut.       In 
the  u]>per  Uiini  or  fuurtti  of  thoir  Lutigth  it  is  cjrliiulrical. 


Ud  OontlBUOus  with  UkUt  whicli  covers  tho  tree  muomta 
Rariiwo  of  thfl  mt  of  the  kIoihik-Ji.  In  thair  lowvr  iiait,  6a 
tfae  otlier  haR<l,  it  is  of  the  variety  called  glnndulnr  or  sphe- 
toidal,  Utfl  cells  heiag  oral  or  somewhat  aogiilar,  and 
ftbout  tt'oi^  of  an  inch  in  (liiim<;toT.  The  cells,  bowewr, 
do  Dot  completely  fill  up  the  cavity  of  the  glanil  vrhich  they 
line,  but  luuve  u  tdight,  ceutral,  thread-like  space,  tlie  im- 
inncliato  lining  of  which  i»  a  Uyor  of  small  anguUr  oells, 
MMitinuous  with  the  cylindrical  epithelium  in  the  upper 
|iortion  of  the  tube.  This  dederiplion  will  become  plain  on 
refcx«uce  to  fig.  71,  which  reproscatn  on  a  hirgiir  ncale  a 
loDgitudionl  section  of  one  of  the  glands  depicwd  in  fig.  6y. 


*  Kg,  7a  Tli«  fiutrii:  glani]*  ot  thr  hnnina  *toniurh  fmajni'nail). 
a,  dfep  part  cf  ■  {lylorii:  gsalrtc  gland  ifmni  K>iI11kcr)  i  thu  cyllnitrioal 
cpitlwttain  u  tmMabls  to  ths  cwtd  cxiiriuitiiiL  \  auil  c,  nrUiao 
giMrie  gUcili  tfcom  .Ulm  TtiainpKin) ;  (  T«rticiil  •uctiuu  of  ■  uaail 
pottiMiof  ilio  tnnciRU  membrntis  viib  the  Kl4nili  tiiNt:uifiwl30diiiRi«tFn : 
e,  darfwr  portion  of  «dc  oF  the  glunK  nnsniliinl  6j  diunicter^  ihowiDji 
m  aUght  (UvUaa  at  iho  taboi,  and  h  uccuUtol  ippniitnci-,  prodiVDil 
hj  Ui*  Uft  itlMidnlar  mII*  w(t)iln  tlicm  -,  d,  cellnlar  cIcidcdIi  of  thu 
cardiac  ^swli  m^ilitd  ajo  duuimUn. 
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In  the  greater  nnniW  oi  the  g^lnnJs  which  «n'  brancJied 
at  thvir  4«cper  estremittea,  the  spheroidal  epitbelium  ex'uAt 
/h;.  71.*  iu  thft  diriiiana,  whilff  tlio  main  duct 

and  tli«  iippor  part  of  tho  bnmchM  arq 
lined  bj  the  ojrlindrical  Tari«ty  [fig. 
70,  e).  Iu  llio  Itumitu  stomach,  ac* 
cordiog  to  Dr.  BrintoD,  the  nimple  un- 
divided tubea  ai'e  the  rule,  and  tb« 
branehtd  the  cx£e[ition. 

Th«  Tnricties  in  tbo  epithelial  <«114 
liDiDg  Iho  difTerent  ports  of  the  tubes, 
uorrfbiiond  probably  wiih  diffviMK'ca 
in  Htv  fluid  sMrelMl  bj  thRtr  ugiiucy— 
tho  cylinilpr-ftpitliolium,  like  that  on 
tlie  free  surface  of  the  stomadi,  beiuff 
probubly  eognged  in  Btparating  lliu 
thin  ulkiiline  uiiicus  wliich  in  alnays 
prc^eent  in  grantor  or  le§s  quantity, 
while  the  larger  glandular  ceUs  probably  secrete  llio  proper 
gnetric  juicu. 

Near  thi-  pjlorns  there  exist  glauds  branched  at  their 
deep  extremitiofi,  which  are  lined  tliroughout  by  cyiioder- 
cpiUieliuin  (fig,  70,  «),  and  probably  Eiir\-o  only  for  tlie 
eecrotion  of  nmous. 

All  tlio  tubular  glanda,  n-hile  they  open  by  cmo  end  into 
the  cavity  of  Ibu  etomach,  rest  by  their  blind  extremities 
on  a  bed  or  matrix  of  areolar  tissue  (&g.  69),  whidi  is 
prolonged  tipvords  between  them,  eo  as  to  invest  and 
support  theiu. 

Z-entictttar  glandt. — Besides  tbo  cylindrical  ginnde,  there 


*  Hg.  71.     Tui  of  oiiL-  oT  tL«  ti^rie  glntid*,  hi^Ujr  niagnit«(l,  to 

ftbon  tb«  arrstigFincnt  of  tlic  c|iiUit1iiiin  in  Itn  inuiriur ;  a,  coluiiinv 

<»ll>  lining  the  ii[ipi>r  port  of  tho  tube  :  A,  nnall  mikdIu  etUa,  into 

■rhtch  Ibdo  mcTgn  beliiiv  to  U>na  n  c«iitnil  ur  Mud  laj-^r  within ;  e,  Uw 

{•rvper  gaatrie  or  gtautluUt  bvU*  ^allu  QiiuVun|, 
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are  alao  smaU  doaei!  mu^a  bdnoatli  tho  surface  of  tfae 
tnucous  incm1>rmii«h  raMinblini;  exactlj'  the  aolUarg  gilanda 
of  the  inie^tine,  to  be  described  hereafter.  Thoir  nnm- 
but  ia  very  Tariatilt',  naA  thiiy  nrc  found  chiofly  along 
thrt  li;«Mr  ciirvnlutv  of  the  stomarh,  and  in  the  )>ylorio 
repon,  but  they  may  be  present  in  any  purt  of  the  oi^ian. 
According  to  Dr.  Urintoa  thtfj  biyi  riiivlj-  alisont  in  children. 
Their  fuDction  probably  resembles  tliat  of  tlie  intestinal 
Bolttuy  glands,  but  nothing  is  certainly  ):nDum  R^inJing  iL 

The;  IJood-TCHeb  of  the  titoiniU']i.  vhich  lirst  break  up 
in  the  submucous  ti«siiF>,  smd  brancbee  upnard  betinxm 
the  dofwly  pa^^ked  gkodtilor  tubes,  anuntoino«lng  nroond 
thoia  Ijy  niMinB  of  a  fino  capillnnr  network  with  oblong 
tneehee.  C'onlinuouB  with  this  deeper  plexus,  or  prolouged 
upwards  from  it,  m  to  Bpeak,  ia  a  more  niperfidiU  network 
of  larger  ciijiilWifK,  whiih  briTuli  il.n^rly  around  the 
orifices  of  tlie  tubes,  and  fomi  \\i-:  iiaimuKii;  ou  which  nm 
mouldiHl  thn  small  elevated  ridges  of  muixtu:!  tnembrnno 
hounding  the  minute,  polygonal  pitn  before  referred  to. 
From  this  tvptrfieial  network  the  reins  chiefly  take  their 
origin.  TliiMi«  passing  down  belwewn  the  till"'",  with  no 
very  free  connection  'R'ith  tbo  deeper  inler-tulmhtr  capillary 
plesus,  ihey  open  finally  into  the  venous  network  in  llie 
,  submucouB  ttHsiic. 

The  nerrnn  of  the  Btomach  oro  deriTod  from  the  pneuno^ 
gastric  and  sj-mpathetic. 

Srerftion  and  Propertm  t^  (An  Gaitric  Fluid. 

^Phile  the  stomach  contains  no  food,  and  is  inactive,  no 
'  gastric  fluiil  is  lH>■■^^ted;  and  mucus,  wbirb  is  either 
nentral  or  slightly  alkaline,  covers  its  surface.  But  inimo- 
diately  on  the  introduction  of  food  or  oilier  foreign  sub- 
stance into  tho  Btomaoli,  the  mucous  mMnbrane,  previouiOy 
i]uite  polL-,  becomes  slightly  turgid  and  reddem-d  with  the 
influx  of  a  largt-r  quantity  of  blood ;  tlie  gantric  glands 
tomraeuoe  secreting  actively,  and  lui  nctd  lluid  ia  v^vuc«&. 
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out  iu  tntoule  drops,  wiiioh  gradually  run  togi.'tlier  und  lluw 
dovm  tbn  wmlU  of  tli»  itoinoch,  or  Hoak  into  the  subattwces 
introduced. '  Tho  qttantHy  of  this  fluid  secreted  daily  liaa 
been  ronoualy  eetimaled ;  but  the  arera^  for  a  lioultfay 
adult  lian  been  assumed  lo  range  from  ton  to  tirotity  pints 
ia  the  Iwcnty-fuur  hoiua  r  I)rin(i;i»). 

Tbe  firat  accurate  aiialf«i«  of  tli«  gattrte  fiuid  iras 
made  bj  Dr.  Prout :  but  it  does  not  appear  tliut  it  wa» 
collwAod  iu  uuy  large  quitullty,  or  pura  oiid  Mi^Mirutv 
bma  food,  until  tlie  time  whoa  Dr.  Ilcaumont  was 
enabled,  by  a  fortunate  circumstance,  to  obtain  it  &om 
tliu  Blomach  of  a  man  named  St.  Martin,  in  whom  there 
exifitod,  as  the  reault  of  a  guueihot  wound,  uu  oj>cutn)f 
leading  directly  into  tlio  stomncli.  near  the  upper  extromiiy 
of  the  gTi^at  cuTTOture,  and  three  inches  from  the  cardiac 
ori&'O.  The  extenuil  ojieuing  wus  situate  two  ini-h«t 
below  the  lefl  luammn,  iu  u  line  drnvm  Jrom  that  part 
to  tho  B|)iiie  of  the  loft  ilium.  The  borders  of  the 
opening  iuto  tlie  stouiacli,  wliivh  was  of  couHidorablu  mm, 
had  united,  in  heuling,  with  tlie  margins  of  the  c:ttomnl 
u'ouud,  but  the  cavity  of  the  stomach  was  at  hut  aepa- 
rated  from  tlie  exterior  by  a  fuld  of  mucDUH  luombrano, 
which  projeicted  from  tlie  uppt^r  and  biu^k  part  of  tha 
0]>euiDg,  and  closed  it  like  a  valve,  but  could  be  pushed 
back  witli  tho  finger.  The  iulruducliou  of  any  mechanical 
iiTttani,  such  ns  the  bulb  of  b  tliermomotor,  into  the 
eiomavh,  excited  at  once  the  societioa  of  gastric  fluid. 
This  could  be  drawn  off  with  a  caoutchouc  tube,  and  could 
often  be  obtained  to  the  extent  of  nearly  an  ounce.  The 
introduction  of  alimentary  substances  caused  a  much  more 
rapid  and  abundant  secretion  of  pure  gnstric  fluid  than 
the  presence  of  other  mechanical  irritants  did.  No  in- 
crease of  temperature  oould  be  delected  during  the  most 
active  secretion;  the  thermometer  introduced  into  the 
stomach  always  stood  at  lOO''  Fuhr.,  except  during  mus- 
flular  exertion,  when  the  temperutui'c  of  the  stomach,  lik^ 
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tliat  of  other  parU  of  tho  body,  rose  oaa  or  two  degrees 
ttigUur. 

M>  Blondlot,  and  auluioqu'wtly  M.  Rnrnnrd,  and  einoe 
then,  MTornl  othns,  by  mainttuninf;  fistuloua  openings  into 
the  etomaelu  of  dogs,  liuve  eotifinnud  laoxt  of  tho  fHcta 
discovered  hy  Dr.  BflaiiinoDt.  And  the  mnn  St.  ^^Inrtin 
hw  frnquenllf  submitted  to  r<?newed  experiments  on  lus 
stomach,  by  various  pliy«ologists^  From  all  tbeoe  olxwr- 
Tutiona  it  appntm,  that  p«pper,  salt.,  nnd  other  soluble 
Btimulaats,  exdte  a  more  mpid  discharge  of  gastric  fluid 
tlutu  nuMihonical  irntatioD  docs ;  so  do  alkalle*  genemlly, 
bat  acids  have  a  contraiy  effect.  When  mticbnmnd  irri- 
tation is  oarried  beyond  oertoin  limits  so  as  to  produce 
pain,  the  socretion,  iiixtnud  of  being  more  abaiidant, 
diminishes  or  ceaees  entirely,  nnil  n  ropy  mucus  is  poured 
out  instead.  Very  cold  water,  or  small  pieces  of  ice,  at 
fint  i«ndor  tho  mueeuii  membruno  pikllid,  but  hood  ■  kind 
of  reoiction  ensues,  the  membrane  becomes  turgid  with 
blood,  and  a  larger  quantity  of  gastric  juloe  b  poured  out. 
The  apph'cation  of  too  mach  ice  is  nttmidod  by  diminution 
in  the  quantity  of  fluid  secrete"!,  and  by  consequent  re- 
tardation of  the  [iroutaa  of  digMtion.  The  quantity  of  tho 
secretion  eeems  to  be  influenced  alw  by  tmpresdons  made 
^  mouth;  for  Blondlot  found  that  when  sugar  was 
into  tlio  dog's  Btomttcb,  either  ulone^  or  mixed 
with  human  saliva,  a  very  small  socretinn  eneue<l:  but 
when  th't  dog  hiid  htiusulf  tuasticated  and  swallowed  it, 
the  secretion  wiis  iibundnnt. 

Dr.  Beaumont  described  the  secretion  of  the  human 
rtomnch  o-t  "  a  i^U-ar  iTiinspareot  fiiiid,  ioodorouc,  a  liltle 
saltish,  and  very  pcncptiUy  scid.  Its  taste  is  simil&F  to 
that  of  tliio  mucilaginoos  water,  nliglitly  acidulated  with 
muriatie  nnul.  It  is  readily  dilfusiljle  in  water,  wiuo,  or 
spirits;  8lit;htly  efTcrvcsccs  with  iillcnIicH ;  and  is  an  effec- 
tual KilTGut  of  the  maUria  alimentario.     It  pOtteasCB  the 
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property  of  coagtilatiog  albumen  ia  an  eminent  degree ; 
in  ])otriirfuIly  tmtieoptic,  checking  tlio  piitrefaittiou  of  moat ; 
and  fifTcvtually  reetorative  of  healthy  nction,  when  applied 
to  old  fcDtid  sores  and  foul  uleeratiiig  eurfatwa." 

Till!  tdiiMnii-jd  pompositiiiu  of  the  gustrii;  juiue  of  the 
liumitn  subject  hiis  been  psirticularly  inrestigatod  hy 
Schmidt,  a  favourable  cmm  for  iiis  doing  so  oefumng  in 
tlie  person  of  o  ppawint  named  ('utherino  KUtt,  agod  35, 
iFho  for  three  years  had  hod  a  gastric  fistula  under  the  loft 
mammaiy  gland,  helwiMiu  the  uartilugus  uf  tlio  uuilh  and 
tenth  ribs. 

The  fluid  vb»  obtained  by  putting  into  the  stomach 
some  hard  indigestible  matter,  as  dry  peas,  and  a  little 
watur,  by  whii.Oi  iiioitus  tin;  stcimiuli  vns  uxtittcd  to  sccre* 
tioD,  at  the  same  time  that  the  matter  introducrd  did 
not  oompli(<at«  the  analysis  by  being  digentiKl  in  the  ttutd 
secreted.  The  gastric  juice  was  drnvru  olf  tlirough  aa 
elastic  tube  inserted  into  the  fistula. 

The  fluid  tlius  obtained  was  odd,  limpid,  and  odourlesa, 
witli  a  mawkish  taste.  Its  density  varied  from  1002Z  to 
1*0024.  tender  the  microscope  a  fev  cells  from  the  gastric 
glands  and  eome  fine  griiuular  mattor  were  observable. 

Tfic  following  table  gives  tiie  moan  of  two  analyses  of 
the  above-mentioned  fluid  ;  and  arranged  by  the  side  of  it, 
for  purposes  uf  comparison,  tx  an  analysis  of  gastric  juic« 
Irom  the  sheep  and  dog. 


OOMFOSITIOX  OF  OASTKIC  FLUS. 


275 


Compotilion  of  Oattrie  Juict. 


Hum  in 


SliMT-*" 


Dog-. 


Solid  ConstitUfnU 


Oulrlc  Jniof.   Gutric  Juice.   Cudlriu  Joioe. 
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SaUdi 


F»nu"jit,  }Vji»iii  (Willi 
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Hydroclilorio  Add      .  O'lo 
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„           Soillniii     .  1-46 

„           I'DUHittm  o'55 
rho*yIuit«    lit    liiiut. 

,    )l«Ki]iMla,  uiJ  Iran  .  O'll 


3-09 


971  17 


I7S0 

370 
1-66 
3-14 


Id  nil  tho  nliovo  luinlvsea  tho  omount  of  vaXer  giren 
must  be  reckoned  aa  ratlier  ton  wuuh,  iiiadinudi  a«  a  «!r. 
tain  ijiuuititjr  of  Mtlivn  wrnii  idixihI  with  the  giutric  fluid. 
The  sUoiranco,  hower«ir,  to  be  m&de  oa  this  account  U 
onlj  xvrv  Kninll. 

Considerable  difTerence  of  opinion  has  existed  conc«ra- 
in^  the  luituru  of  the  Irea  ai-id  contuincd  in  the  gnslric 
juice,  chjptly  vrhollmr  it  i«  kydrvchlnru!  or  Uietie.  The 
WWfiht  of  cridenw.  however,  is  in  favour  of  free  hydro- 
chloric acid,  Xte'm^  that  to  wbiuh,  in  Die  humiui  nubjcct,  the 
RCidi^  of  tha  giMdrio  fluid  i*  iniiiiitj  duo ;  nlthnugh  there 
is  no  doubt  that  othera,  its  lactic,  soetic,  bu^ric,  are  not 
unfrifiuimtly  to  be  found  theri-ia. 

Tho  nnimal  matter  nieiitioiiMl  in  tlift  nnalysi*  of  the  gw- 
tric  fluid  is  named  jirptm,  from  its  power  in  the  proceas 
of  digiistiuu.  It  is  au  aKotisi^d  aubetaniie,  uud  ix  Ix^nt  pro- 
cured by  digesting  portion*  of  tho  mucous  membrane  of 
the  Atoniach  iu  cold  water,  afler  they  have  been  macerutvd 
for  some  timo  in  watttr  nt  a  tern  pern  I  uru  between  IJo"  and 
100°  ¥.  The  warm  water  dissolves  various  aubatanues  aa 
wi>'ll  M  Dome  of  the  pejisiii,  but  tho  vaXA  water  takes  ap 
Lttle  else  than  popisiu,  which,  on  evaporating  the  cold 
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Kolntton,  u  obtBined  in  a  (^yieh-brown  Tiwitl  fliiiil.  Tba 
flddttioa  of  alcohol  tUrowa  down  the  pepsin  in  greyish- 
wliitii  flnccul! ;  iintl  ono  part  of  tho  prinnpto  tliiii  prepared, 
if  ili«eol7«(l  in  even  6o,000  parta  of  water,  vUl  digest  moat 
and  oUicT  alimeutery  auLtituiiKiii. 

Tho  digtttivt  powtr  of  Ihe  gaiiric  fluid  i»  mimifufltotl  in  its 
•oftenine,  reducing  into  pulp,  and  partially  or  completely 
diaaolving  toijous  artidoM  i^f  fund  pUi-vd  in  it  at  a  t^mpe* 
rature  of  from  90'  to  loo'.  This,  its  peculiar  property, 
requites  the  priMencti  of  both  the  pcpstn  and  the  acid ; 
ueilhur  of  tbcni  can  digr^t  idono,  and  n'hiii  ihuy  axu 
mixed,  either  the  deconipoaitioa  of  the  pepetD,  or  tlio 
oeutralizatiou  of  tho  acid,  at  once  dMtroys  the  di|f«sti*e 
property  of  tho  fluid.  For  tho  perfwlinii  of  thu  proooM 
also,  oertain  ooudilions  are  required,  which  are  all  £)utd 
in  tho  etuinach ;  tinm^ly  (1),  a  tctnpvralure  of  al)oat 
lOC^  F. ;  (2),  such  moremoDts  as  the  food  is  subjected  to 
by  the  muacular  aoliuua  of  the  stomach,  vhkh  bring  iu 
BUNtissiou  evr-.ry  part  of  it  in  contact  with  tii<!  mucous 
naembrnno,  whence  the  &rah  gastnc  fluid  is  being  Bocieted ; 
(3),  the  constant  remoral  of  those  portions  of  food  ivhich 
axe  aireudy  digested,  bo  that  wtuit  remains  undi^Ht(!tl  may 
b(i  brought  moi«  completely  into  contact  with  the  solvent 
fluid ;  and  (4)  a  state  of  softueaa  and  minute  djvlniou.  such 
us  tliat  to  which  the  food  Ls  reduced  by  mastication  pro%'iuu8 
to  its  introduction  into  the  stomach. 

Tho  thji-f  circuiuKtoucea  oouuccted  with  the  mode  in 
which  tlin  gastric  fliiid  acts  Upon  fooil  during  niiturul  iligcs- 
tion,  have  been  determined  by  watching  its  operatioits 
when  removed  from  the  stomach  and  placed  in  ooaditMma 
OS  nearly  as  possible  li^e  those  under  wliiih  it  acta  wbilo 
within  that  v)*cu».  The  fact  that  solid  food,  immersed  in 
gastric  fluid  out  of  the  body,  and  ki^pt  at  a  l»ni[ieruture  of 
about  100',  is  gradually  convcrtci!  into  a  thick  fluid  similar 
to  chyme,  was  shown  by  Spidlaitzani,  Dr.  Stevens,  Tiede- 
mann  aud  Gmclin  and  others.     They  u«ck1  tho  gii»tric  fluid 
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of  dog^s,  mbtainod  bj  cnufing  the  Kcimnl*  to  Rwollriir  biuall 
piowM  of  spoDge,  which  w«re  eabs^uently  with<lrn«ii, 
«oakc4  with  ih«  fluid — oiid  proved  nflnrly  as  much  a»  th« 
httt«r  expifriincntn  of  tho  snme  kind  of  giwtric  fluid  by 
Blondlol,  liomard  and  Oth«nL  But  these  nMd  n«t  bn 
pattinihirlj-  reftrred  to,  whilii  wo  hnvo  tho  more  satisfac- 
toi7  oud  iuHtnictivD  obMrvntiiTDS  vhidtt  Dr.  ItL-uuiiKiut 
nwdo  with  the  fluid  obtained  from  the  stomach  of  St. 
Martin.  After  lb«  niau  hud  fivtted  seveaite«a  hours, 
Dr.  B«aumont  took  ono  ounco  of  gn»trtc  fluid,  put  into  it  a 
■olid  ])i«ce  of  boiled  recently  ealted  beef  veiglnng  tlimo 
drschms,  and  pUced  the  veawJ  whi<^b  contained  them  in  a 
watet'bdth  tieutod  to  100°.  "  In  forty  minultiH  digestion 
hod  distinctly  oomnienced  over  the  surface  of  the  m«at ;  is 
&tty  minutes,  the  fluid  liud  bocume  quit«  opaque  and 
doudy,  thi>  ntomal  tcxtiire  began  to  soparsto  and  liooosiA 
loose ;  and  in  sixty  minutea  chyme  began  to  fonu.  At 
I  p.ni."  (tn'o  hours  aAcr  the  commoilcAmiTnt  of  the  cx[>e- 
rimeot)  "  the  cellular  texture  seemed  to  be  ontin^ly 
daMroyed.  leaving  tlie  musciUar  fibres  loose  and  uncon- 
DGctad,  floaling  about  in  small  linn  xlircds,  very  ti<ndi!r  and 
Boft."  In  six  hours,  they  were  nearly  all  digested — a  few 
fibres  only  remaintDg.  After  tho  lapse  of  ten  hours,  every 
port  of  tliii  moat  was  completely  digested.  Tlie  ^latrie 
juice,  wliich  ivns  at  jirKt  inuiBxiurent,  was  now  about  tbo 
colour  of  whey,  and  di-posited  a  fine  scdiiiw-nt  of  tlie  colour 
of  niicat.  A  nmilnr  pii<co  of  beef  was,  at  tlio  timo  of  tlio 
oommencoment  of  this  experiment,  suspended  in  the 
Stomach  by  means  of  n  thread :  at  tho  oxpirution  of  the 
lint  hour  it  was  clinngod  in  about  the  same  d<^iv>  as  tlie 
meat  digested  artificially.;  but  at  ibe  end  of  the  second 
hour,  it  wtu  compl(!tcly  digoxti-fl  mill  gone. 

Id  other  experiments,  Dr.  Beaumont  withdrew  through 
the  opeiiiug  of  the  otomach  aomo  of  the  food  wluch  had 
bwD  taken  twenty  minutes  prerioiisly,  oiid  which  was 
fiOmplettfly  mixed  with  tho  guatric  juice.     He  oontiuued 
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the  dt^slion,  wWch  hnil  nliTniljr  rnmin cured,  hy  totoiib  of 
nrtiiidiil  bent  in  a  wateT-bath.  In  u  few  bours  tho  food 
thua  treated  tcub  coraplotdy  c-lij-inifi«d ;  slid  tlie  wtificial 
SMmed  in  Ibis,  us  in  severnl  other  «xpcrriin«nt:t,  to  )>e 
•xoott;  similai  to,  though  a  Utile  slover  tfaau,  the  lutunU 
iigttltioa. 

The  Apparent  iilcntitj-  of  thfl  proww  in-  and  OMtnid*  of 
the  stomach  thus  mauifeet^,  whil«  it  ebove  that  we  may 
Kgaxd  digestion  as  cEseuLiiUIy  n  ch(>mirid  [irorcM,  whuu 
once  the  gastric  fluid  is  formed,  juatifiea  the  belief  tliut 
Dr.  Iteuuniout's  other  L-xperiuieuts  with  tlie  dt^^eatiTe  fluid 
may  exactly  repreaent  the  moclifii'iitious  to  wlucli,  under 
similar  conditions,  its  action  in  the  etonuich  would  h» 
Uuble.  lie  found  that,  if  tlio  mixture  of  food  and  (gastric 
fluid  woro  expoaei]  to  a  tempOToturo  of  34'  F,,  thn  prof^tw 
of  digestion  was  completely  arrested-  In  another  espnri- 
meut,  a  piote  uf  meat  which  had  beon  mmiirated  in  water 
at  a  temperature  of  loo''  for  several  days,  till  it  acijinrpd 
a  Htrotig  putrid  odour,  lost,  on  the  addition  of  some  IWJi 
gastric  jiticd,  all  eigns  of  putrefaction,  and  soon  heg:>in  to 
be  digCHtLMi,  From  other  us|jeriment9  he  obtained  the 
data  for  estimate  of  the  degrees  of  digestibility  of  TurtoUH 
nrticlos  of  food,  and  of  the  ways  in  which  tlto  digestion  is 
liable  to  be  affected,  to  which  reference  will  again  be 
mndo. 

When  natural  gastric  juice  cannot  be  obtained,  many 
of  thefH!  exiioriments  miiy  be  performed  with  an  arxijifuil 
diifi'ttire  JIuut,  the  action  of  which,  probably,  rcry  vlowely 
resembles  that  of  the  fluid  secreted  by  the  stomach.  It  is 
made  by  macerating  in  water  portionn  of  fresli  or  recently 
dried  mucoux  membrano  of  the  stomach  of  a  pig  *  or  oth«r 
omnivorous  animal,  or  of  tlie  fourth  stomach  of  the  calf. 


•  The  tiert  portion  of  the  rtomseh  of  the  pig  fw  thii  purpose  ii  that 
lictwRPii  ihi!  i-nrdiuc  anil  pyloric  oriflcu  ;  ilio  cinliac  jionion  ap^nur* 
to  fUi'mnb  tlig  Ivfut  uvtire  dlgettive  fluid. 
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sod  Mldia^  bi  tho  infusion  a  few  drops  of  hjdrocUone 
ndd — About  y$  gnuas  to  half  an  ounce  of  the  mixture, 
acoonlt^^  lo  ScbwiuiQ.  Portions  of  food  plACod  in  ku<Ji 
tluid,  and  mninttiint^d  irith  it  ot  a  tcmpenttnn  of  about 
lOoP,  are,  in  an  hoiir  or  more,  actxtiding;  to  the  tuughnm* 
of  tho  Hiihslnn'V,  wifV'nr^cl  iind  chnogod  in  ju«t  the  same 
manner  aa  ihej*  would  be  in  the  stomach. 

The  nattira  of  tlio  action  hy  which  tho  muconN  mem* 
braiH  of  the  etomnch  and  itii  nccnttion  work  th^so  changes 
ia  ot;ganic  matter  ia  emeedingly  obscure.  The  aclion  of 
th«  pcrpiun  may  be  campured  with  that  of  a  ferment,  which 
at  the  eamo  time  that  it  undergoee  change  it«rlf,  induces 
certain  cliant^s  aUo  in  the  organic  matters  with  which  it 
ia  in  contni-t.  Or  iti  mnde  of  ai-tiou  may  belong  to  that 
doM  of  chemi<-«l  pro»«mw  tvrmod  "  catnljrtic,"  in  wliirh 
a  aubetanoe  excites,  by  its  mere  presence,  and  without 
tt>^  ondfo^ing  diango  na  onliuury  fvrmi'uta  do,  some 
cheuicftl  action  in  tho  substancos  with  which  it  is  in 
contact.  So,  for  example,  spongy  platinum,  or  charcoal, 
jilaciid  in  a  mixtiirt-,  however  voluminous,  of  o.TVgen  and 
ItyilrogcD,  miikcs  thi^n  combine  to  form  water )  and 
diastase  nnJces  the  starch  in  grains  undergo  tranaforma- 
rHoa,  and  sugar  is  produced.  Aud  that  pt^pnin  ucUt  in 
such  manner  appears  probable  from  the  very  minute 
quantity  capable  of  exerting  tho  peculiar  digestivo  notion 
on  a  large  ([uantity  of  food,  iind  appniontly  with  littl« 
diminution  in  its  active  power.  The  piooess  difibrs  ttma 
ocdinaiy  fenncntnlioii,  in  being  uiiatleudcd  with  the  for- 
mation of  carbonic  acid,  in  not  requiring  the  prosenoo  of 
QXygen,  and  in  Ix^itig  unaccompanied  by  the  production  of 
now  quantities  of  ttie  active  principle,  or  fermenL  It 
agree*  with  the  processes  of  botli  fermentotioa  Bild  mgamc 
catalysis,  in  that  whutcvcr  altera  the  composition  of  the 
{wpsin  (sutii  as  heat  above  lOo",  strong  alcohol,  or  strong 
acids),  destroys  the  digcativu  poncr  of  tlte  fluid. 
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Changn  0/  the  Food  in  the  Stomach. 

Thfi  }tcMi«rtiI  ^rfPi.-ct  uf  <lig<uilioii  ia  tli«  Btomscli  is 
convenion  of  tbo  food  into  c/iym«,  n  NubidaiKy!  uf  vftrlotui 
com  post  lion  aM>ordiog  to  the  nature  of  the  food,  j-^t  nluitj^ 
)>ruH»n(iiig  a  i-liarii(!tiTiati<!  iliiiit,  jmllaceoua.  grumoua  cod- 
iii«t«iira,  with  tlie  uodigestorl  portions  of  thu  fuod  luixwl 
in  a  more  fluid  nutmluuee,  und  a  strong,  disagreeftble  add 
odour  aud  tiutn.  U^  mluitr  drpi-ndii  oti  tlio  tiuturo  of  Ibe 
food,  or  on  the  adniLitui'e  of  yetloir  or  grwn  bilo  whidi 
nuiy,  a]>iiareutl7,  oven  iu  health,  puas  into  the  etomitob. 

Iteduced  into  such  n  substmuv,  all  tlui  variuuit  mutcnalN 
of  a  meal  may  be  mingled  topother,  and  near  the  eod  of 
the  digwdve  proccm  hardlj  ndniit  of  r<«vguitioa ;  hut  tlie 
exporimeiite  of  artificial  digestion,  and  tho  oxaminntion  of 
■toiaa«ha  vitli  fmtula',  have  illuBtraied  many  of  the  changee 
tlirough  which  the  chief  nliiiiiMitiitj  printiiploit  piuw,  and 
the  times  and  modes  in  which  they  are  seTetally  disposed 
o£     These  nm&t  now  his  trua-iL 

Tilt!  muiIintiRi  with  which  the  gnstric  fluid  arts  on  the 
several  artiiL'tes  of  tot>d  Je,  in  souie  measure,  determined  by 
the  Mate  of  diriuon,  luid  the  ti>ndemess  and  oioiitttirD  of 
tba  anWniiev  pn--wmt«'d  to  it.  By  minnte  dirisiou  of  the 
food,  tho  extent  of  surface  aith  which  the  digestive  Quid 
cnn  come  in  contact  iit  incnused,  and  its  nation  pnip<irtion- 
ably  aooelerated.  Tender  and  moist  substances  oUer  less 
rminloui-o  to  tlie  action  of  Uio  gastric  jui<w  tlian  tongh, 
hard,  and  dry  ones  do,  h^tvauso  they  may  bo  thoronghlj 
penetrated  by  it,  and  thus  be  attacked  not  only  at  tlie 
surface,  but  at  (Trery  part  at  once.  Tlio  n-udiiiCHi  with 
vhich  a  substancD  is  acted  upon  by  the  gastric  fluid  does 
not,  however,  necessarily  imply  the  degree  of  ita  uutritiro 
projiertj-;  for  a  suhstaiwe  may  be  nutritioas,  yot,  od 
account  of  its  tonghnoss  and  other  qualities,  hard  to 
digest ;  anil  many  soft,  easily  digested  Bul>stBncc9  (iintiUD 
comparatively  a  small  amount  of  naUimeut.     But  for  a 
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Bul>Maiiioe  to  bn  nutritive,  it  must  be  capabl«  of  }twig 
Hnailated  to  t}i«  Uood;  nod  to  find  ila  way  into  tbo 
Mood,  it  iDust,  if  iosolublo,  be  digeatible  b;  tbo  gutric 
Quid  or  woBM.'  utlier  miutdIIoii  in  the  iuteatioal  canal.  Tiuft* 
is,  tberefoTB,  thus  tar,  a  necoMUUv  cOBoecUou  between  tliA 
dig«aiibt)ity  of  ft  substance  and  its  power  of  nffordiug 
nutriment. 

Those  portions  of  food  which  nra  liquid  when  taken  into 
the  Ktomndi,  or  which  aro  eiuUj  soluble  in  the  Uuiils 
therein,  are  probably  at  onoo  absorbed  by  the  blood- 
Teesela  in  the  mucous  nieiuhrane  of  tbo  ttomacb.  Mognn- 
dio's  experiments,  and  better  nttll,  tlioM  of  Dr.  Beaumont, 
have  proved  this  quick  absorption  of  water,  wine,  weak 
aaliuB  solutions,  and  the  like;  that  they  ore  absorbed 
without  manifest  change  by  the  diftestlvo  JIuid,  and  that, 
generally,  the  water  of  such  liquid  food  as  soups  is 
nhsorbcd  at  ooc<\  so  that  l!i«  tiiibttaiioes  suspended  in  it 
an  concentrated  into  a  thicker  mut«riu],  llku  the  tbyuio 
from  solid  food,  before  the  digestive  fluid  acts  upon  them. 

TJio  action  of  die  ijnitric  jiiiid  an  the  several  kinds  of  toiid 
food  has  been  studied  in  various  wajii.  In  the  earliest 
uperimeula,  |>erforuted  metulUe  and  glass  tubes,  filled 
with  tho  alimentary  subetasoes,  wro  lutroduHKl  into  tho 
stomachs  of  animals,  and  after  the  Inpse  of  a  certain  time 
withdrawn,  to  obmirvu  the  condition  of  the  ootitaiiurd  kuIh 
alaneos ;  but  such  experiments  are  fatlncious,  because 
guslrk  fluid  has  uut  ntady  accusa  to  the  fuod.  A  better 
■Mthiod  was  practised  in  a  seriee  of  experiments  by  'Hede- 
.Biajui  and  Oueliu,  who  Ced  do^-a  with  diilerent  subslancce, 
and  killed  th«m  is  a  certain  number  of  bourn  ulVTwards. 
Bui  the  results  they  obtained  are  of  less  inteicet  tlian 
[tboco  of  the  expcriim-nti!  of  iJr-  Id'Aumout  on  hin  patient, 
St.  Martin,  and  of  Dr.  Oosse,  who  hod  tho  power  of 
vomiting  at  wilL 

Dr.  Una  union  t's  observations  show,  that  tho  process  of 
di^tioo  in  the  Btomach,  during  health,  takes  place  au 
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rapidly,  that  a  full  m^  consiBtinji;  of  animal  and  v«g«- 
tablo  fliil)Htiiiice8,  laay  uenrlj"  nil  li"  iimvMind  into  i^liyrae 
ill  about  an  hour,  and  lh«  etoiuach  left  empty  in  two  hoiint 
and  a  half.  The  detaik  of  lwi>  doyn'  ex[imment£  will  be 
wufiiiicnt  i^xnmples: — 

Exp.  42. — April  7tU,  8  a.«.  St.  Martin  breakfasted  oq 
three  burd-builed  eg-ga,  pa:irakrji,  aiid  i«Jfuc.  Al  lialf-past 
«ight  o'clock.  Dr.  Beaumont  examined  the  stomach,  antt 
found   a  heterogeneous    mixtu^^  of    Uie    several  articles 

slightly  digested At  a  quarter  pact  ten,  uo  part  of 

the  broakfaaC  remained  in  the  stomach. 

Kxp.  43. — At  eleven  o'tloek  the  same  day,  he  at«  two 
roasted  eggs  and  tiirce  ripe  apples.  In  half  an  hour  the; 
were  in  an  inelpient  state  of  digestion;  aiid  a  quarter  past 
twelve  110  VPstigo  of  them  remained. 

Eip.  44, — At  two  o'clock  f.M.  the  same  day,  he  dined 
on  rnasttni  pig  and  vogetnl.ilos.  At  three  o'clock  they  were 
half  chymihod,  and  at  half-post  four  nothing  remained  but 
a  vi-ry  liltle  gastric  juice. 

Again,  Exp,  46. — April  9th,  At  tliree  o'clock  p.m.  he 
dined  on  boiled  ilried  codli.'Ji,  potatoes,  parsniita,  bread, 
and  drawn  butter.  At  half-past  three  o'clock  examined, 
and  took  out  a  portion  about  half  digested ;  the  potatoes 
the  least  so.  Tlio  fish  was  broken  dotru  into  small 
fi]ument« ;  the  bread  and  parsnips  were  not  to  be  dis- 
tinguislied.  At  four  o'clock,  examined  anolUer  portion. 
Very  few  particles  of  lieh  remained  outire.  Some  of  tho 
few  potatoes  were  distiaclly  to  be  seen.  At  half-past  four 
o'clock,  he  took  out  and  examined  another  portion ;  all 
completely  chyinitiod.     At  five  o'clock  stomach  omply. 

Hauy  eircumeUiueea  besides  the  nature  of  the  food  are 
apt  to  iu£uenco  the  proix^ss  of  chymilicntion.  Among  tlu-m 
are,  the  quantity  of  food  taken;  the  stomach  should  be 
iiurly  filted,  not  distended :  the  time  that  has  olapacd  since 
the  last  meal,  which  should  be  at  ha»t  enough  for  the 
stomach  to  bo  i^uita  dear  of  food :  the  amount  of  exercise 
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prerious  and  bubMquRnt  to  tho  meal,  gentle  exercise  being 
fitTOurablo,  oror-oxortioD  iigurious  to  digCKtioii ;  tlie  state 
of  niinil — tranquillity  of  temper  beioR  apparently  ciw«ntiii! 
to  a  quick  and  duo  di^ition  :  tUu  budUj'  lieullb :  tlie  vtato 
of  the  'n-cathur.  But  undt^r  ordinniy  circumiiliinci.'s,  Ixiim 
throe  to  four  hours  miiy  be  lakea  as  the  arcrag«'  time 
occupied  by  tho  di^'xtiott  of  u  lut'ul  id  thu  ntomucli. 

Dr.  Uoaumoat  constructed  a  table  showing  tho  tiinc4 
retiuircd  for  Ihu  digmtiou  of  uU  usiial  articles  of  food  in 
St.  Itliirtin's  fttomach,  and  in  his  goustric  diiid  tiikmi  from 
the  filoinach.  Ainou);  the  aubHtau(.-es  most  quicldy  digi^Btod 
wen;  ricv  and  tripn,  both  of  which  wcro  diymiliud  la  an 
hour ;  eggs,  saliuoa,  trout,  apples,  and  vonieon,  wore 
dige'^ted  in  lui  huur  uud  a  bulT;  tapioutt,  barley,  milk, 
liver,  filth,  in  two  hours;  turkey,  lamb,  potatoes,  pig,  in 
two  hours  and  a  half;  beef  and  mutton  required  iVom 
tliTM  lioum  to  throo  and  a  half,  and  both  were  more 
dignttiblu  than  veal ;  fowls  wcro  like  mutton  in  tliuir  ditgrun 
of  digestibility.  Animal  aubatani.'ea  were,  in  general,  con- 
vxtrti'i!  into  chyme  more  rapidly  than  TngutabU*. 

Dr.  Beaumont's  experiments  were  all  made  on  ordinary 
articles  of  food.  A  minuter  examination  of  tlie  changes 
produced  by  ga«tric  digontion  on  Torious  tinucs  hus  lievn 
made  by  Dr.  RawitK,  who  examined  microscopically  the 
prtxluct  of  the  artilu^iul  digmtioii  of  dilTi'-roiit  kinds  of 
food,  and  the  contents  of  the  Uix.ea  after  eating  the  sunio 
kinds  of  fijoii.  The  gi-nnnii  results  of  his  examinations, 
U  regards  animal  food,  t>hi>w  tliut  miieridiir  tissue  breaka 
up  into  its  constituent  fasciculi,  and  that  these  ngniu  aro 
divided  traiin-cTiwIy;  graduitlly  the  transverse  fltria-  beoome 
indietinci,  and  then  disappear ;  and  finally,  the  oarcolcmma 
seems  to  be  dissolved,  and  no  trace  of  the  tissue  can  bo 
found  in  tho  chyme,  exi^ept  a  few  fragments  of  fibres. 
Thoso  changes  ensue  most  rapidly  in  the  liesh  of  fish  and 
har«a,  leas  rapidly  in  that  of  poultry  and  other  animals. 
Tlio  colla  of  uartilogo  and  tibro-curtilage,  except  those  of  fish. 
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pus  unchRiigril  tlimiigh  tlin  atcTnni!}!  and  intoslines, 
may  be  fooiid  in  tlio  ffrc^s.  I'ho  intfT«tilint  tissuM  of  tlutm 
structurait  aio  <!Oiivert«d  into  poljiy  texturdees  AubalaDcea 
in  tlie  utiificial  digxwtivc  fluiJ,  luitl  tire,  not  (liwartvubl^i  iii 
the  ttecm.  Elastic  librca  nre  unchimgod  in  tho  digiwdra 
Hutd.  F&t-ocillii  are  Hont^Umea  fmind  quite  unaltered  in  tlie 
ficcM :  ftod  ciyntnls  of  choln■ll^rin  xany  uimailj'  lie  obtained 
from  fteoee,  especiiillj'  after  the  um  of  pork  fat. 

As  tvgnrds  vf^ftahU  niibHt»n«Mt,  Dr.  Ititwilx  ntnlM,  tliat 
he  frequently  found  large  quantities  of  celi-membranes  un- 
cliiingi'd  in  tlifl  fiiNrriK  ;  idiio  etorcli-osils,  tnmiitcinlj  deprired 
of  only  part  of  their  contonta,  The  green  colouring  prin- 
ciple, elitoroiihjll,  was  usually  uucliiuigud.  Hi*  walls  of 
the  HHp-voKseU  and  spiral  veaseU  were  quite  nnaltered  by 
the  dif^fttive  Quid,  and  were  usually  found  in  largo 
quuntiticu  in  the  fa-cve ;  their  contents,  probably,  were 
removed. 

Prom  these  experimenta,  vrii  may  understand  thettrueiUFot 
changitH  w)iich  thfi  chief  alimentury  subettincM  tuulo^o  !a 
their  convonton  into  chyme ;  and  the  proportiona  of  each 
vhidi  lire  nut  reducible  to  chyroo,  nor  capable  of  any 
fiirther  aut  cif  digestiuu.  The  ehfmieal  vhnnges  undergono 
in  and  by  the  proximate  principles  are  leas  easily  tmced. 

Of  the  aibuminota  principles,  some,  oa  the  casein  of  milk, 
ore  conguliit^'d  by  tlie  ndd  of  the  gastric  Unid ;  and  thus, 
before  thoy  are  digeeted.  come  into  the  oonditiaa  of  the 
nthnr  sujlid  ])riuaiple(i  of  the  food.  TIkuo,  including  solid 
alhiiini^n  and  iibrin,  in  the  aame  proportion  that  they  &i« 
broken  up  and  anatomically  di»orKauir.M]  by  the  gastric 
fluid,  (tppi'ar  to  1*0  rvduoiKl  or  toierritd  in  their  chemical 
coinpoiiition.  This  chemical  change  is  ]irobabIy  prodnoed, 
as  BiiggMted  liy  Dr.  I'rout,  by  ibo  ])rinc!iplc;s  entering  into 
combination  with  water.  It  is  suifident  to  conceal  nesriy 
all  their  characteristSo  projM>rti«i ;  the  aibumen  is  ntndLTeil 
aeanety  coaguUble  by  heat ;  tlie  gelatin,  even  when  its 
eolutioa  is  evaporated,  does  not  congeal  in  oooUng;  tiie 
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fibrin  and  citwin  cnnnot  l>o  fciuiid  hy  tlirar  cliancterltlu) 
I««t8.  It  wnnM  luviiu,  iudeed,  ibat  all  Uiew  v&rlotis  nib- 
stanceB  ar«  raoTOrtod  into  one  iumI  tlw  mno  principlo.  a 
low  form  of  nlbumeo,  not  pr«<i]iitable  bj  nitric  acid  or  k«at, 
and  novrgeattnUytenrwiiaibuminoi*  (irpeplorie,  from  whicli, 
tdUiT  }>tr\Dg  nbdorbed,  Ihoy  are  again  miwd,  in  th«  elabom- 
tJOD  of  tlio  blood,  to  wliidi  diey  are  ulliinst«1,y  nMimiUtvd. 
The  chan(;:e  of  tnolccuIiLr  ooDHlitutioii  KufTrrnd  hy  tho 
olburaiiinm  pnrLs  of  the  food,  in  conBOquraoe  of  iho  actioo 
of  the  gftstric  juio«,  1ms  an  important  lelalion  to  their 
absorption  by  the  blood-roMels  of  tha  atomacli.  Prom  tb« 
condition  of  '  coUoidtt,'  or  BubatanoM,  so  namod  by  Pk^m- 
w>r  Graham,  which  are  absorlK-d  with  cztrema  dilSculty, 
thfij  appiiur,  from  experiments  of  Funke,  to  awunte  to  a 
gnat  degnm  tho  dioractw  of  '  etyetalloids,'  wlwh  can 
paw  through  animal  membranes  with  eneo.* 

Whntvvor  bo  the  mode  in  which  the  goatrie  aerretion 
affocta  these  prindplpit,  it,  or  winiirtliing  lilcfl  it,  appmrs 
«8sentii0.  in  order  that  they  may  be  aanmilated  to  the 
Mood  and  ti«MU«.  For,  when  Bernard  and  Burtvcwil  in- 
jected albumen  diesolved  in  vnUv  into  the  jug\ilar  veins 
of  dogH,  tliny  nin  iiy«,  in  aliout  tliree  hours  A^er,  found  it 
in  the  nrine.  Itut  if.  prtnrioun  to  injecUou,  it  wan  mix^ 
wilh  gastric  fluid,  no  trace  of  it  could  bo  detected  in  tho 
urino.  Tim  iiifluvnco  of  th»  Iiv«r  seems  to  }m  alnKist  iia 
efficwnous  na  that  of  tlin  gnntriu  fluid,  in  rvndLTiitg  olliii- 
men  aaajmilable ;  for  Bernard  found  tlint,  if  diluted  ef>g< 
albtunui,  tinmixod  with  gantrii?  fluid,  is  injt'cted  into  the 
porlnl  vein,  it  no  longer  makoa  it«  nppfiinm<«  iti  tint  urine, 
and  is,  therefore,  no  doubt,  assimilated  by  the  blood. 

Proliably,  moat  of  tlui  albnminoae,  with  other  soluble 
and  fluid  mntorinlM.  in  obwirlml  dim-tly  from  Uie  stomach 
by  tliu  minute  blood-vcwcU  with  which  tb9  mucous  m«m- 
britno  iM  so  abundantly  supplied. 


*  ThMttartiu  will  bo  bnlicr  cxiibiiicdandillnilrtted  in  tlie  Chapter 
on  .^liBbrplkoii, 
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Thn  taechariiu  inoludtng  tho  amytaee<iti$  prinoiplo*  an  : 
first,  probably,  only  m<\;hatiicaUy  separated  from  the  vege- 
table Bubetancee  vithin  wliidt  tbey  are  coiitauind,  by  tho 
action  of  tho  gastric  fluid.  Tlii;  »oliible  portions,  viz., 
dextrin  and  eugor,  nro  probably  at  once  ab«jrl)ed.  The 
insoluble  ones,  viz.,  starch  and  Ugiiin,  (or  aoine  ptirta  of 
them)  are  r<^i<Iore<I  euluble  oad  capublo  of  nbsorptioa,  by 
buDg  convert«tl  into  dextrin  or  grape-eugor.  Il  is  pro* 
bablu  tliut  thtd  change  is  carried  on  to  »omo  oxtont  is 
tho  stomach ;  but  this  oonTersion  of  stnTt-h  into  sugrar  is 
effectod,  not  by  tho  gastric  fluid,  but  by  the  saliva  intro- 
duced with  the  food,  or  subsB<iUL<utly  awidlowud.  The 
transformBtiou  of  stiLrch  is  continued  in  the  intestisal 
canal,  ae  will  bo  shown,  by  the  socretion  of  the  paucrcati, 
and  pirrhaps  by  tliitt  of  the  ititu&tiuut  glands  and  mucous 
membrane.  The  power  of  digesting  uncooked  starch  is, 
liowever,  very  limited  in  uiuii  and  Curuivoru,  for  'n'h«Q 
starch  hne  biwu  tnkrn  raw,  lui  in  com  and  ric^  larg» 
quantities  of  tho  granules  are  passed  unaltered  with  the 
excrements.  Cuoking,  by  expanding  or  liurHting  tho 
envelopes  of  tho  griinulfs,  renders  their  interior  more 
nmcuuble  to  the  action  of  the  digestive  organs ;  and  the 
Itbundant  nutriment  furnished  hy  bread,  and  tho  larga 
proportion  that  is  absorbed  of  tho  vcight  consumed,  ttiford 
proof  of  the  completeness  of  their  power  to  intike  its  stnnli 
soluble  and  pre])ure  it  for  absorption. 

Of  the  ohaginoxii  prhiripUg, — as  to  their  changes  in  the 
stomai;h,  no  more  can  be  said  than  that  they  appear  to  t)o 
reduced  to  minutu  pttrticlos,  and  pan  into  tho  intestine 
mingled  n^ith  tho  other  constituents  of  the  chyme.  In  thn 
ciise  of  the  nolid  fats,  this  effect  is  probably  produced  by 
the  solvent  action  of  the  gofitric  juice  on  tho  areolar  tissue, 
albuminous  cell-walls,  etc,,  which  enter  into  their  com- 
pfisition,  and  by  the  solution  of  which  the  truo  fat  is  able 
to  mingle  more  uniformly  with  the  other  constilueuts  of 
the  chyme.  Being  further  changed  iu  the  intuttiual  canal, 
fat  is  rendered  capable  of  absorption  by  the  lacteals. 
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Mortmrnu  "/  ihf  Stomach. 

It  hu  lioen  nlnHuIj  said,  thiit  t)io  giMtric  S\uA  is  OMiistod 
in  accoiDplUhing  iti;  vhAir  in  dig^tioD  by  tha  nioveineiits 
or  the  Btoniacli.  In  grmuvoruuH  liinln,  fnr  ei]ininj>tp,  the 
coDtraclion  of  tli<!  strong  mii!>ruiar  gizsnrd  afionlH  a  uecea- 
M17  aid  to  digestioD,  by  grinding  and  trituriiling  Out 
bard  Mwda  wtiich  I'Oiialilutu  port  of  tbit  fixtd.  Uut  in  tbo 
stomachs  of  man  and  MnmtnnUa  the  tDotions  of  the  miut- 
cahtx  coat  are  too  feebl«  to  exercise  any  Mich  iDOihnnicnl 
force  on  thn  fond ;  ni-itht-r  am  thoy  HMtliKl,  for  iiia»ticattoQ 
haa  already  done  the  mechanienl  work  of  a  giiizard ;  tuid 
Uh  vx|>eriiiieiibi  of  Ri'auutuT  and  Sjiallauzitni  huTv  dpiiion- 
Btraled  that  sulistunom  (Tiicloiied  in  prirforn.tt.'d  tub^s,  and 
coudWjuenlly  protected  from  mechanical  inlluenca,  ai«  yet 
digested. 

The  normal  actions  of  the  muscular  fibres  of  the  human 
domadi  appear  to  have  a  three-fold  purpoao;  first,  to 
adapt  the  stomach  to  tlin  quantity  of  food  in  it,  so  that  its 
walla  may  be  in  contact  with  the  food  on  all  aided,  and,  at 
thfl  sumo  timir,  may  exeroitie  a  oerlaiii  amount  of  com- 
preadon  upon  it;  BfK^mdlr,  to  Veop  the  orifices  of  iho 
Ktomach  i'lo»ed  until  the  food  is  digested ;  and,  thirdly,  to 
perform  vortain  peristaltio  moi-vmcuts,  whorcby  the  food, 
as  it  becomes  chj-mifieJ,  ie  graduiUly  propelled  towards, 
and  ultimately  through,  the  pylorus.  In  accompliiJiiu)^ 
this  lattciT  «ad,  tho  nidvemeuttt  witliout  doubt  materially 
oootribute  towards  effecting  a  thorough  intermingling  of 
the  food  and  tli<!  gastric  Huid. 

nnien  digestion  is  not  going  on,  Iho  stomnch  is  uniformly 
coDtracted,  its  orifices  not  more  firmly  than  the  rest  of  its 
w«]ls ;  but,  if  vxamined  shortly  aft<.T  tho  introduction  of 
fiiod,  it  is  found  closely  encircling  its  contents,  and  its  ori- 
fice* nrfl  firmly  dosed  like  sphincters.  The  cardiac  orillco, 
every  time  food  is  swallowed,  opens  to  admit  ita  pMMtg« 
to  the  stomadii,  and  immediately  ugain  closes.  The  pylorio 
orifice,  during  the  first  part  of  gastric  digestion,  is  usually 
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eo  cnmplitb'ly  doMd,  tl)at  evea  when  the  stomacli  is  Mpa- 
rated  from  tho  intwtinoa,  noii«  of  itji  contcnbi  oe>c»[io.  Bat 
towards  tlie  terminntion  of  the  (ligcstire  process,  tbo 
pjIciruH  Hems  to  offer  las  resistanoe  to  the  punig«  of 
Bab«tance«  frnm  ths  stomitch;  firtt  it  yidklo  to  nllnvr  tlui 
BuccuaHivoly  digested  portions  to  go  through  it :  and  then 
it  nllovs  tlM  transit  of  evi>n  tiQdijf»teil  subataDcas. 

IVom  th«  oIjMTvatioiM  of  Dr.  Bttuumoiit  on  tho  man  St. 
Martin,  it  appears  that  food,  eo  bood  aa  it  enton  the 
etomiu'li,  in  biiIiJiwUkI  to  a  kiud  of  jioristaltio  acli»n  uf  tho 
muKular  mnt,  wlioroby  tite  digested  portiaos  aro  gmdoally 
npproxiiivated  towards  tlie  pjloms.  The  moremMitA  wen 
obstfrroil  tii  iiicKaie  iii  rnpiditjr  as  the  procoss  of  clijiniltca- 
tioD  advanced,  and  weie  continued  until  it  vas  coimpletod. 

Till-  cDiitrai^ttoa  of  tlie  fibrra  eituuted  towards  the  pyloria 
ond  of  tho  Ktomot^h  scoms  to  bo  moro  imorgotic  and  mora 
decidedly  peristaliio  than  those  of  the  cardiac  portion. 
lliuM,    l>r.   Hoatimoiit   found  tliat  whm  tlin  1>ulb  of  tli« 
thermometer   was  placed  about  three    inches  from   tho 
pylorus,  it  was  tightly  embraced  fVom  time  to  lima  and 
drawn  towards  the  pj-lorio  orifice  for  a  distoaco  of  three  or 
four  inches.     The  object  of  this  movement  appears  to  ba^i 
as  ju^  said,  to  carry  the  food  towards  thu  pylorus  tut  fast^ 
us  it  is  formocl  into  chyme,  and  to  propel  tho  chyme  into 
the    duodenum ;    the  undigested  portions  of   food  beinff  J 
kept  back  until  they  are  also  reiluctNl  into  cliynio,  or  until 
all  that  is  i^gestible  has  passed  out.     The  actioa  of  the 
fibres  is  often  seen  in  tlie  contracted  state  of  the  pyloric ' 
jiortiou  of  tho  etomach  after  death,  when  it  nlono  is  ood- 
tracted  and  firm,  while  tho  cardiac  portion  forma  a  dilatiid 
sac.    Somotiines,  by  a  prodomiuaut  action  of  strong  dioular  j 
lihrcs  plnced  botwften  tho  c^irdia  mid  pylorus,  tho  two 
tions,  or  ends  as  they  are  called,  of  the  stomach,  are  sepa 
&om  eacli  othur  by  a  kind  of  liimr-glnss  cuiitriK'tioiv 

The  inlcrcating  researches  of  Dr.  Itrinton  have  clearly 
established  ihat,  by  means  of  tliia  peristaltic  action  uf  the 
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tBOSCuUr  coats  of  the  atomach,  not  mctely  U  chyiiiitled 
fbod  gnulual]}-  prop«^lled  tlirougli  tho  piflonu,  but  a  kind 
of  double  current  is  continually  kept  up  among  tke  con- 
Unta  of  Iha  atomavli,  the  circuinft^rontial  porta  of  the  maaa 
beiiig  gradually  movoil  onward  towaida  the  pylorua  by 
tha  periataltio  oouLraotiou  of  tho  muAculor  fitiro*,  wli!lo  tho 
cmtral  portions  ar«  propelled  in  tho  oppo»to  direction, 
namely,  towards  lh9  caidiao  orifice ;  in  tliis  way  is  kept  up 
a  ooiuitaiit  ciiculatioQ  of  the  uiutirutn  of  th<;  vincuo,  highly 
GOoducivo  to  ttudr  free  mixture  with  the  gastric  Huid  and 
to  tboir  raady  digetilion. 

Tbeee  actions  of  tho  atoinftch  are  peculiar  to  it  and  inde- 
pendout.     But  it  is,  also,  adapted  to  act  in  concert  with 

I  the  abdominal  muscles,  in  cortnin  dncuniRtanccs  vhich  can 
liBidly  bo  called  ikbiioniial,  aa  in  romitinK  and  eructation. 
It  baa  indeed  been  frciuontly  staled  that  tho  etomouh 
itodf  ia  quite  paaeivo  during  romiting,  and  that  the  ex- 
pulaioa  of  its  contonta  i»  cfTectiwl  solely  by  tlie  pn-ssuro 
exerted  upon  it  when  the  capacity  of  the  abdomen  is 
dimiuislied  by  the  toutroction  of  tlie  diuphrogin,  and  sub- 
•equently  of  the  abdominal  tniudes.  Tho  experiments 
•ad  obaerTalioas,  however,  which  are  supposed  to  continn 
ihU  statement,  ouly  tibow  that  the  coutruutiou  of  tho  abdo* 

Iminal  muscles  alone  is  sufHdent  to  expel  matters  from  an 
uurcMtiiting  bag  through  the  ceeopbagua;  and  that,  under 
Tery  abuomal  circiimalauces,  the  stomach,  by  itaolf,  cannot 
or  rather  doea  not  expel  its  contents.  Tliey  by  110  means 
show  that  in  ordinary  vomiting  the  stomach  is  passive ; 
mi,  on  the  other  Land,  there  are  good  reasons  for  believing 

•tbe  Gootmry. 
It  la  true  that  facta  are  wanting  to  demonstate  with 
oertain^  this  action  of  tho  stomnch  in  vomiting;  hut  some 
of  tlw  oases  of  6stuloua  opening  into  the  organ  appear 

tio  support  tho  belief  that  it  dooa  lake  place;*  and  the 
*  A  colleclinii  of  cian  of  Situloui  cDiiununicatioD  with  the  (tottiMh, 
ttmiugh  the  nMoTiiinal  pnrictct,  boa  bcon  i^von  by  Dr.  Murchuon  ui 
*oL  xli.  at  the  Medi^o.C'lilrnrpcal  TraDinctlons.  O 
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analog;  of  the  case  oC  the  stomadi  vith  that  of  tbo  othar 
boUow  Tiaeeta,  aa  tiw  reotum  and  Uadder,  may  be  also 
cited  in  confirmation. 

BeaidcB  the  iBflueoce  vhlub  U  ma;  thus  bare  by  its  con- 
tractioD,  tho  idomarh  aI«o  (mnmtially  cantributM  to  tho  act 
of  Tomitin^,  by  the  contraotioii  of  its  pyknic  oarifice  &t  the 
aam«  tim«  that  tlie  oblique  fibrea  araund  the  cardiac  orifice 
are  r«lased;  For,  oittit  the  relaxation  of  these  fibres,  no 
Tomitiii]^  can  ensue ;  when  contracted,  they  can  a>  w«ll 
icni«t  nil  the  fbrce  of  the  contracting  nbilomin&l  and  other 
musclee,  as  the  musclce  by  which  tlie  etoiua  ia  dosed  can 
MBiat  the  tame  farce  in  the  art  of  Htniining^.  T)onbt1cse 
wo  may  refer  many  of  the  acts  of  retching  and  iDeflecCual 
attempts  to  vomit,  to  the  want  of  oonuord  between  the 
relaxation  of  these  muscles  and  Ibo  contractioo  of  tin 
others. 

The  nusclM  with  which  tlie  stoniiich  oo<oporat««  in  con- 
traction during  vomiting,  are  cliictly  and  jtrimarlly  those 
of  ttic  abdomen ;  the  diaphrugin  also  axils,  but  nut  as  tho 
Biusclod  of  thii  ubdominul  widls  do.  Tht^  oontiact  and 
compress  the  fltomncli  more  and  more  towards  the  hack 
and  upper  parts  of  tlie  diaphragm ;  and  the  diaphragm 
(wliir'h  is  usuully  drawn  down  in  tbo  denp  inspiration  that 
preoode«  each  net  of  vomiting)  holds  itself  fixed  in  conttao- 
tioQ,  and  presents  an  unyielding  surCuce  against  which  the 
stomncli  mny  l>e  pressed.  It  is  ensbled  to  tict  thus,  and  !>«>• 
bably  only  thus,  because  tho  inspiration  which  precede*  the 
act  of  vomiting  is  lemunnted  by  the  closure  of  the  glottis; 
after  irtii>^h  the  diuplirogni  can  neither  descend  furtlier, 
exceijt  by  expauiiing  tlie  air  in  the  lungs,  nor,  except  by 
compressing  the  air,  iisceud  agtiiu  until,  the  act  of  vomiting 
having  ceased,  the  glottis  is  opened  again  (see  diagiaia, 
p.  23t  ;  see  also  p.  333). 

Some  persons  possess  the  power  of  vomiting  at  will, 
without  applying  any  undue  irritation  to  tlie  stomach,  but 
simply  by  a  voluntary  effort.  It  seems  also,  that  *lii» 
power  may  be  acquired  by  those  who  do  not  naturally  poa- 
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MM  it,  and  hy  eootiiiuikl  prnctico  majr  bocomo  a  habit. 
Tbcni  on  cum  aim  of  roK  oocurrence  in  wbich  penoiu 
tuibitUttUy  flirollow  their  food  hastily,  uttd  iivarly  tmmasti* 
catad,  and  Ukmi  at  their  icinuro  rcgurgitato  it,  p!coG  hy 
l>)«oe,  into  tlioir  inoutli,  rcmosticats,  and  agtua  svallow  it, 
cocaetl;  as  U  done  by  tb«  rumiiULUt  ordur  of  Slaminalia. 

Infiutnce  of  the  Nfrwui  Sgitem  ou  Oattrie  DigtMiim. 

Tlvut  influoiicn  in  mitnifi^Id ;  niiil  is  OTidenced,  l«t,  in  the 
MBMtiotu  n-htcfa  induce  to  tiie  taking  of  fbod ;  Zttd,  \a  th« 
McretioD  of  tha  gaatrio  fluid ;  yd,  in  the  movcmvnts  of  Iha 
food  in  and  from  tho  «tomnch. 

TLo  sKiiisatioD  of  h»n;ier  h  manifeeted  in  consequence  of 
deficicncj  of  food  in  tlm  eyt.lbra.  The  mind  rofoni  tlic 
eoDsation  to  tho  etomoch ;  yet  since  the  sensation  is  relieved 
by  th«  introduction  of  food  either  into  &»  stomach  itaulf, 
or  into  the  blood  tlirough  oUirr  cbannols  than  tho  stomnch, 
it  would  appear  not  to  dopend  on  the  state  of  the  stomach 
uloBO.  Tliid  new  ta  confirmed  by  tlie  tact,  tliat  tlu)  diTi- 
«ioD  of  botli  pnoumogttstric  nerves,  which  bio  the  principal 
dionnels  by  which  the  mind  i^  cogniaant  of  the  condition 
of  tho  stomach,  does  not  appear  to  allny  tho  sensations  of 
hanger. 

But  that  tlic  btomach  has  some  share  in  this  sonsatioD 
is  proTod  by  Uio  relief  aifonlcd,  though  only  t«niporarily, 
by  the  inlroduction  of  even  non-alimentaiy  subetances  into 
this  orguii.  It  ma}',  therefore,  bo  xuid  llmt  tlio  vciiHution 
of  hunger  is  dvrirod  from  the  sj-stem  gouerally,  hut  chiefly 
from  the  coudilion  of  lh«  dloiuadi,  Uio  ncrvcn  of  which, 
we  may  siipposr,  ar<!  more  nlVwtod  by  tlie  state  of  tho  insuf- 
Soently  replenished  blood  than  those  of  other  organs 
are. 

Tho  sensation  of  thint.  indicating  the  want  of  fluid,  is 
referred  to  the  fauces,  although,  as  in  hunger,  this  is 
mcnly  the  local  declaration  of  a  general  condition  existing; 
in  the  syitam.     For  thirst  is  relieved  for  only  a  vwj  abort 

vi 


291 


DIGESTION. 


time  by  molBtemag  the  iij  fauc«a ;  but  may  b6  reliored 
completely  by  tlie  iutroductiou  of  liqut(l«  into  the  blood, 
either  through  the  stomach,  or  by  injections  into  the 
blood -Teasels,  or  by  absorption  from  the  surface  of  (ho 
skin  or  the  intestines.  The  sensation  of  thirst  ix  per- 
ceived moBt  naturally  Tvhenever  there  is  a  disproportaoD- 
ately  small  quantity  of  water  in  the  blood ;  as  well, 
therefore,  vbea  water  hss  been  nbstTBctcd  &om  the  blood, 
afi  when  saline  or  any  solid  matters  have  lieen  abundantly 
added  to  it.  We  cua  express  the  fact  (even  if  it  be  not 
an  explanation  of  it],  by  saying'  that  the  nerves  of  tba 
mouth  and  fauces,  through  which  tlie  sense  of  thirst  is 
(iliiefly  derived,  are  more  sensitive  to  this  condition  of  tho 
blood  than  other  nerves  ore.  And  the  cases  of  hunger 
and  thirst  are  not  the  ouly  ones  in  which  tlio  miud  deri\-Q», 
from  certain  organs,  a  peculiar  predominant  sensation  of 
some  condition  aflecting  the  whole  body.  Thus,  tho  sciuja- 
tion  of  tJie  "  necessity  of  breathing,"  is  referred  especially 
to  tho  lungs ;  but,  as  Volkmann's  oxperimenta  hhow.  It 
depends  on  the  condition  of  the  blood  which  rirculates 
evet^-where,  and  is  felt  oven  after  the  lungs  of  animals 
are  removed ;  for  tlioy  continue,  eveo  Uien,  to  gasp  and 
manifest  the  sensation  of  want  of  breath.  And,  as  witlt 
respiration  when  the  lungs  ore  removtid,  the  mind  may 
still  feel  the  body's  want  of  breath ;  so  in  hunger  and 
thirst,  even  when  the  stomach  has  been  filled  with  tnnu- 
tritious  aubstaaces,  or  the  pneumogastric  nerves  have 
been  divided,  and  the  mouth  and  fauces  ttn  kept  moist, 
the  mind  is  still  aware,  l>y  the  more  obscure  sensations  in 
other  ports,  of  the  whole  body's  need  of  food  and 
water. 

Tho  tnjl«*ne«  of  Oi»  ntrvoua  »i/item  on  ths  inerftum  efgaiinf 
Jtuid,  is  shown  plainly  enough  in  the  influence  of  Qte  nund 
upon  digestion  in  the  stomach ;  and  is,  in  this  regard,  weU 
illtiBtraleit  by  several  of  Dr.  Beaumont's  observntions. 
M.  Lcmard  also,  watching  the  act  of  gastric  digestion  in 
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Ao^  vhich  hod  fiatuloua  opemngv  into  iheir  fttomacha, 
saw  that  on  tho  Instant  of  dividing  thoir  pDcumogustriu 
Qorvm,  tba  process  of  digestion  was  stopped,  and  the 
mucous  membroDs  of  tlie  stomuvb,  proviouitly  turgid  with 
blood,  bocttmo  pide,  oud  ceaaed  to  B0Ciet9.  ThoRo,  hov- 
erer,  aad  tlio  like  oxperimenta  showing  the  iostant  effect 
of  diTUiion  of  iho  jmeuinogastric  nerves,  may  prore  uo 
mon  tbfui  tho  vScct  of  a  eovere  shock,  and  the  fact  that 
lafioeocee  affecting  digestion  may  he  conveyed  to  the 
stomach  through  those  oentB.  From  other  experiments 
it  m»y  be  gatluo^,  that  although,  as  in  M.  Dornard's, 
tli«  dirisioa  of  both  pneumogastrtu  nerves  always  torn- 
porarily  suspends  the  socretioa  of  gnstric  fluid,  nnd  so 
arreaits  the  process  of  digestion,  and  is  occasionally  followed 
by  death  frcim  inanition  ;  yet  the  digestive  powers  of  the 
stomach  may  he  completely  restored  after  the  operation, 
■uid  thn  formation  of  chyme  and  the  nutrition  of  tlie  animal 
may  be  carried  on  almost  as  perfectly  as  in  hcolth. 

In  tliirty  experiments  on  Mammalia,  which  M.  WeA- 
eofaeidt  perforrood  under  MilUer's  direction,  not  the  toast 
difibrence  could  be  perceived  in  the  action  of  narcotic 
poisons  uitroduccd  into  the  stomach,  whether  the  pneu- 
mognstric  had  been  divided  on  both  sides  or  not,  provided 
tlic  auimuls  were  of  the  same  species  and  size.  It  appears, 
however,  that  such  poisons  as  are  capable  of  being 
rendered  inert  by  the  action  of  the  gastric  fluid,  may,  if 
takon  into  the  slomacli  shortly  after  dinsiou  of  both 
pneumogastric  nerves,  produce  their  poisonous  eflects ; 
in  conseijuence,  apparently,  of  the  temporary  susp^isiou 
of  the  BctTi?tion  of  gastric  fluid.  Thus,  in  one  of  his 
fxperimonta,  M.  Bernard  gave  to  each  of  two  dogs,  in  one 
of  which  he  had  divided  the  pneumogastric  nerves,  a 
dose  of  emulsine,  and  half  an  hour  afterwards  a  dose  of 
aniy^aliue,  substances  which  are  innocent  alone,  but 
when  mixed  produce  hydrocyanic  scid.  Tlie  dog  whoso 
nerves  were  cut,  died  in  a  quarter  of  an  hour,  the  sub- 
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HtancoB  htAtig  nlMorlioil  unoltored  smd  mixing  in  ihe  blood; 
in  the  other,  the  emulaine  waa  decomposed  by  Uio  gastrio 
fluid  bffuro  l!in  timygiliiline  wus  ni3miiiisti.Tnd ;  thoroforo, 
hydrocyanic  acid  was  not  formed  in  the  blood,  and  the  dog^ 
survived. 

Tho  iuiiuonoo  of  tho  pnoumogastric  norvca  over  the 
secretion  of  gastric  fluid  haa  been  of  late  even  more  de- 
cidedly sbon-n  by  M.  Dcmitrd,  who  found  thnt  galrtuiio 
stimulus  of  these  nerres  excited  an  nctive  eecretion  of  tlis 
fluid,  wliile  a  Iik<!  Hlimulus  applied  to  thti  sjmpathfltiD 
nerres  issuing  from  tho  semilunar  ganglia,  causnd  a  dimi- 
nution and  even  complete  arr&at  of  llie  seLTotton. 

The  influttxce  of  llie  uervoat  iystem  on  iht  movements  of  the 
ttomaeh  lion  been  often  seen  in  the  rvturdation  or  arrest 
of  those  movements  after  division  of  tho  pneumogastric 
nerve*.  The  reaulta  of  irritating  the  same  nervea  were 
ambignous;  but  the  esperimenta  of  Longet  nnd  Bischoff" 
have  ehown  that  the  difltircut  results  dopendc-d  on  whether 
tho  stomach  were  digesting  or  not  at  the  time  of  the  experi- 
ment. In  the  act  of  digestion,  the  nervous  system  of  the 
etomnch  appears  to  participate  in  the  excitement  vrhich 
prevails  through  the  rest  of  its  organization,  and  n  stimulus 
applied  to  the  pneTimognstrie  nerves  is  felt  intensely,  and 
active  movements  of  the  muscular  fibres  of  the  stoninch 
fullov;  but  Id  the  inaction  of  fasting,  the  same  stimuluA 
produces  no  efiJect.  So,  irliile  the  stoniiicb  is  digesting, 
tho  pylorua  is  too  irritable  to  allow  anything  but  chyme  to 
pass ;  but  when  digestion  is  ended,  the  undigested  parts  of 
the  food,  and  even  large  bodies,  coins,  ond  the  like,  may 
pass  through  it. 

Dilation  of  tht  Stonuuh  after  Dtatk, 

If  an  animal  die  during  the  process  of  gastric  digwtion, 
and  when,  therefore,  a  quantity  of  gastric  juice  is  preaoat 
in  the  interior  of  the  stomach,  tlie  walls  of  t)ii»  orgna  itself 
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]ucDtl;  UioidmIvos  adod  on  by  tbcir  own  oocrotion, 
mai  to  Euch  un  coUent,  that  a  perforation  of  cooaiderable 
Buta  ma/  lu  produood,  nnd  the  coatcntii  of  tlio  ntomacb 
mnj  in  port  escape  into  the  vaviif  of  the  nbdomoD. 
lliia  pbenomenoa  is  nut  imJrequcntlj  otiservod  iu  poit 
morUM  «xuniDatioa8  of  the  human  body ;  but,  a»  I>r. 
Pavy  ohaerres,  tlie  efE^t  may  be  rendered,  by  oxperi 
ment,  nioru  Ktrikingly  mniiifesC.  "  If,  for  iuKtance,' 
bo  romarks,  "an  animal,  as  &  rabbit,  be  kiUod  at  a 
period  of  diguation,  nud  afWwarda  «xj>0!Hn1  to  artificial 
warmth  to  prov«ait  its  tompcrnturo  Irom  falliug,  not 
only  the  atouavb,  but  uiuuy  of  the  aurrounding  parts 
viU  be  found  to  liitvo  bcim  dLKwlvvd.  With  a  rabbit 
killed  in  the  evening,  and  pUcod  in  a  warm  Mtuation  (100° 
to  1 10°  Fabr.)  during  tliu  night,  I  have  seen  in  the 
morning,  the  stomach,  diftphrogm,  part  of  the  lirer  and 
longs,  and  the  interciMtal  inusclee  of  the  side  upon  which 
the  aiiiniid  waa  laid  all  digested  away,  with  tlio  miudos 
end  skin  of  tbe  neuk  and  upper  estreiuily  on  the  some 
aide  alno  in  a  Memi- digested  uLite." 

Frora  dieM  lacts,  it  becomes  an  interesting  queHlion  why, 
during  life,  the  etomncb  is  freo  from  liability  to  ipjuiy 
from  a  secretion,  which,  after  death,  is  capable  of  such 
dtttructirc  effects?  John  Hunter,  who  particulorly  draw 
attention  to  tbe  phenomena  of  yott-morifm  digestion,  ex- 
plained the  immtmity  from  injury  of  the  liviujt  stomach, 
by  referring  it  to  tho  protective  influence  of  the  "  vitaL 
principle."  But  this  dictum  has  been  called  in  q\iestion  by 
aube^uent  observers.  It  is,  iudcod,  rutlier  a  statement 
of  a  fact,  than  an  explanation  of  its  cause.  It  must  be 
ooafoBsed,  howerer,  ttuit  no  entirely  satisfactory  theory  haft' 
baOD  yet  stated  as  a  substitute. 

It  is  only  uecesMary  to  refer  to  tho  idea  of  Bernard,  that 
the  living  stomach  fiiid*  protection  Irom  its  secretion  in  the- 
preeence  of  epithelium  and  mucus,  wMch  ore  constantly 
temeircd  iu  tho  same  degree  that  they  are  constantly  di^ 
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solrtxl,  Id  order  to  remark  that  this  theory  has  beea 
disprove!  by  exjicrimenM  of  Pavy's,  in  vMoh  the  mucoiu  1 
membrane  of  tho  Htomndis  of  <log«  was  dissoctod  off  for  » | 
Bmall  space,  and,  011  killiug  tlie  auimats  some  days  alter* 
n-ttrds,  no  sig;!!  of  digeetioQ  of  the  stomach  was  Tisibl«. 
"  Upon  ono  oocasiuu,  after  removing  the  mucous  mem- 
brane sad  exposing  the  iqiisciUat  fibres  over  a  space  of 
about  an  inch  and  a  half  in  diameter,  the  animal  iras 
allowed  to  live  for  ten  days.  It  ate  food  erery  ilay,  and 
seemed  scarcely  ofFected  by  the  operation.  Life  was  d<;ft* 
troyed  whibit  digestion  was  being  carried  on,  and  the  lesion 
in  the  stomach  was  found  very  nearly  repaired :  new  matter 
had  Iweo  deposiled  in  the  place  of  what  had  been  removed, 
and  the  denuded  B]iot  had  contracted  to  much  less  than  its 
original  dimensions." 

Dr.  Pavy  beilevea  that  the  natural  alkalinity  of  tho 
blood,  which  circulates  so  freely  during  life  in  tho  wolls  of  I 
the  stomach,  is  sufficient  to  neutxalixe  tho  acidity  of  tho 
gastric  juice,  were  it,  so  to  sjieak,  to  make  an  ntturopt  at 
digesting  parts  with  which  it  has  no  business ;  and  as  may 
be  gathered  from  what  lias  been  previously  said  (p.  283), 
the  neutnilization  of  tho  acidity  of  the  gastric  secretion  is 
quite  BufScieiit  to  destroy  its  digestive  powers.  He  also  1 
very  ingeniously  argues  that  this  very  alkalinity  must,  from 
the  conditions  of  the  circulation  naturally  existing  in  the 
walls  of  tho  stomach,  be  iitcreuEed  in  proportion  to  the 
need  of  its  protective  iuHuence.  "  In  the  arrangement  of 
the  vasctiliir  supply,"  ho  remnrke,  "a  doubly  cffectivo 
barrier  is,  as  it  were,  provided.  Tlie  vessels  pass  firom 
below  upwards  towards  the  surfiicu :  cjipillaries  having 
this  direction  ramiiy  between  the  tubules  by  which  the 
acid  of  the  gastric  juice  is  secreted;  and  being  separatodi 
by  secretion  below,  iniiat  leave  tho  blood  that  is  proceeding] 
upwards  correspondingly  increased  in  alkalinity;  and  Ihii 
at  tho  period  when  the  largest  nmoimt  "f  acid  is  flowing 
into  tho  stomach,  and  the  greatest  protection  ia  required. 
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theo    ia    the  prorisioa    afforded    in  iu  highest  state  of 
«fficioiny," 

Dr.  PftTy's  thtxny  U  tlic  bcwt  mod  most  iogemous  hilhorto 
Iramcd  in  connoctioa  with  this  subject ;  but  iha  espori* 
menta  adduced  in  ita  £arour  »n>  opon  to  many  objoctiotiB, 
aiid  aiTiird  only  n  nngntivo  FUpport  to  the  canclufitona  they 
aro  intesded  to  prove.  The  matter,  tliereforc,  can  scarcely 
be  cortsidurcd  finally  nettlud. 

DICKKTIOK    IK   TBE    IKTCSTtSSS. 

Tlio  intoMtinal  cnaal  U  divided  into  tn-o  chief  portions, 
named,  &om  their  differences  in  diameter,  the  imall  and 
iarff4  intcKftiae.  These  are  continuous  with  each  other,  aiid 
commimioate  by  means  of  itu  ()[i(^uitig  guurdud  by  it  vnlre, 
the  iUo-eaoal  taIvo,  n-bic-h  allows  the  paasago  of  the  pro- 
docte  of  digestion  tram  the  small  into  the  large  bowel,  but 
not,  under  ordinary  aircumstacuo,  iu  thv  oppuiute  direction. 

Tho  structuro  and  functions  of  each  organ  or  tissue  con- 
oeroed  in  intestinal  digestion  will  be  fir«t  described  iu 
datail,  and  aftorwards  a  mmmnry  will  bo  given  of  the 
changes  which  tlie  food  undergoes  in  ila  passage  through 
the  intestines,  1st,  traai  the  pylorus  to  the  ileo-cti>ud  valve; 
and,  2ud,  &om  tliu  iluo-c(i.!cal  volvo  to  the  anus. 

Slmeture  and  Secrtlioiit  0/  the  Small  Intestine. 

The  small  intestine,  tbe  average  leugth  of  which  in  an 
adult  is  about  twenty  foot,  has  bi^eu  divided,  for  convo- 
nienco  of  description,  into  throe  portions,  viz.,  the  duo- 
denum, wliieb  extfuds  li>r  eight  or  ten  iuchca  beyond  tliu 
pylorus;  tho  jVjHnriwi.  which  occupies  two-fifths,  and  the 
iltum,  which  occupies  three-fifths  of  tlie  rest  of  the  canaL 

The  amnlt  intestine,  like  tho  stomach,  is  constructed  of 
three  principal  coats,  vi/.,  the  serous,  muacular,  and 
mucous.  Tlic  *frou*  <flttt,  formed  by  the  visceral  layer  of 
tbe  peritoneum,  need  not  be  here  specially  described.  The 
fibres  of  tho  musetdar  coat  of  tlie  small  intestine  are  ar- 
ranged iu   two  layers  i   thoso  of  the   outer  layer  being 
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<tiqH>M>d  tongitudiimllj' ;    those  of  the  inner  Inycr 
vewely,  or  tu  portions  of  cirelea  encompimiii);  the  ca 
Thoy  arc  compowd  of  Ui4)  uustripod  kind  of  tnuectiluT  llbn. 

fietwoeo  the  mucous  nnd  muscular  ooals,  there  is  a  lay 
of  aubmuiious  tissue,  in  wliicU  uumorouii  Llood-Teagcli  and  1 
rich  plexus  of  nerves  (tad  ganglia  are  imbedded  (Kldsener). 
Tlie  mucoui  ntembmne  i»  tlie  mofii   iniportonl  coat  in 
„.    yj,  .  rolution  to  tho  ftindiou  of 

digeatioD.  The  foUoiriDp 
stnicturcJt  irhich  i^ntiT  into 
its  composition  of  tbo  mu- 
cous meutlirune  maj  bd 
now  SMCccissirclydwcrilKxI; 
— tJie  valvulif  connirfnUt : 
titu  villi ;  Olid  tliu  glanJt. 
The  general  structuro  nf  tho 
mucous  niuiulirtme  of  tho 
intestines  rcscmbli'M  that 
of  tho  Bloniuch  (p.  266), 
and,  llk«  it,  in  lined  us  its 
inner  surface  by  coluinnnr  epithelium.  Sji/mphoid  or  lUtiform 
tissue  (tig.  yz)  euters  lurgtdy  into  its  coUBtructiou ;  and  Oil 
its  deep  Biirfoco  is  a  layer  of  tho  muieulaTii  mueota  (p.  276). 

Valvida  ConnivenUt. 
tii»  Tolmlio  comiiventcs  commence  in  tba  duodenum, 
about  one  or  two  inches  beyond  the  pyloruf^  and  bccc 
larger  and  more  namerous  immediately  beyond  tho  CO- 
tnmcc  of  tlio  bil^dud,  contiuuo  thickly  arranged  und  well 
developed  throughout  the  jejunum ;  then,  gradually 
diminishing   in   sixc    nnd    numbor,   they    cease   near  tho 


*  Fi^.  72.   The  flgaraTcprcwnts  ft  croHMction  of  ■rniaU  fragment  «r 

th«  niQuuus  invBibrniie,  including  one  ontiro  crypt  of  Liebcrkului  Biid 
p«rt«  ofoevfial  otWn:  «,  cBully  of  tlio  I.iiliulnrgliuicUoriTTplj;  6,  uo« 
of  thn  lining  Fpitlirllol  celts;  f,   lliu  l^'iuplioiil  ur  nlifami  iqiiu:!^, 
wkiub  80ia«  ftn>  rmpty,  and  others  occupied  b;  Ijriupb  c»ll«,  u  nl  if. 
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mtddlo  of  tlio  ileum.  In  Btructare  thejr  an  formed  by  a 
doubting  inwards  of  the  mucous  niembr&ue,  tlio  crcsocntif!, 
DMrlj  oiroular,  fulds  thus  formt.'d  Kning  arranged  troiu- 
TcratJ;  with  Toganl  to  the  axis  of  tlie  intestlDe,  and  «ticli 
indiriituol  fold  seldom  exlotidicf;  around  moro  than  t  or  } 
of  the  bowol's  droiimfrroncd.  Unlike  th«  ni^  in  tho 
atomacb,  tb«j  do  cot  disappear  on  distoiisioD.  Onljr  an 
imperfect  nolion  of  their  natural  pondon  and  fimction  can 
bo  obtained  by  looking  at  ttiem  after  tlie  inteslina  ha.i  boon 
laid  open  in  tlio  usual  manner.  To  undentond  them 
■ziglit,  a  pi«co  of  gut  should  bo  dittonded  either  with  air 
or  aloohol,  and  uot  opened  unlil  the  tissue*  have  become 
hardened.  On  tlicii  imiking  a  suction,  it  may  be  seen  Ui*t 
instead  of  disappearing,  aa  the  rugio  in  the  stomodt  would 
under  similar  droumstouoes,  the;  atmid  out  at  right  angles 
to  the  general  surface  of  the  mucotu 
membrane  (fig.  73).    Their  functions 

I  probobly  th<*c — Ro«ido»  ^1)  offcr- 
L  largely  incrensed  surface  Jbr 
■ocretioD  and  absor]>tiou,  they  proba- 
bly (3)  prev«nt  the  loo  rnpid  pas*ag<e 
of  the  very  liquid  products  of  gastric 
digrxlion,  ininiciliutiily  afW  their  es- 
cape from  the  etonioc^h,  and  (3),  by 
thoir  projection,  and  consequent  inter- 
ference with  aa  uniform  and  untrou- 
Ided  current  of  the  iiitcatiim]  coutonts, 
probably  assist  in  the  more  perfect 
mingling  of  the  latter  with  ^tlie  secre- 
tieoa  poiirt^d  out  to  act  on  tlicm. 

OlaniU  of  the  Small  Intestine. — The  glands  are  of  th^(^o 
prindpul  Itinds,  nnniiHl  after  their  duEcribers,  tlic  glands  of 
LieberkuUn,  of  Peyer,  and  of  Itrunn.     The  fflandt  or  Ji^- 


*  Fig. 73.  rioc«  of  BiniUIntcKtinclprcviiiuiilydutcoiirdiiiiJ  lutilcinei] 
hy  AlceholJ  laid  o]i«n  to  show  the  nomul  [nrailwa  of  iho  valvuli!  «oii- 
nitant*^ 
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tieUt  of  Lieberkiilin  ai«  siinple  tubular  depi«BdoQ8 
the  intestinal  muoous  membriuiiF,  tliickljr  iliHfriUutod  o* 
jffj,.  J^^  tlie  whole  aurfnco  both  of  tlio  large  (uid  nmall 
intestines.  In  the  amall  inteetino  they  are  vlaiblft, 
ouly  with  the  aid  of  «  l«Da ;  mid  tlieir  orific 
appear  ns  niiniito  dots  scattered  between 
villi.  They  are  hixj^r  tii  th»  large  intestine,  and! 
increase  in  size  tho  noaror  they  approach  the  ana 
end  of  the  intestinal  tube-  and  in  the  rectum  theil 
orifices  may  Iw  vlsiblo  to  the  nnkeit  cyo.  Ii 
leo^h  they  vary  from  ^^  to  -^V  of  a  line.  Eact 
tubule  [fig,  74)  is  constructed  of  the  sniiie  esseutlal' 
parts  OS  the  iiitnstiual  mucous  membrane,  via,, 
a  line  structuroleas  memlrana  propria,  or 
ment  membrane,  a  layer  of  cylindrical  epttlieliui 
lining  it  nnd  capillary  blood-ve«e1«  covering  its  exterior.^ 
Their  contents  appear  to  vary,  even  in  health ;  the  TarietieAj 
buing  dependent,  probably,  ou  the  period  of  time  in  riil&>j 
tion  to  digeetion  at  which  they  are  esamined.  At  tho 
bottom  iif  the  follicle,  the  contents  usually  consist  of  a 
^anular  material,  in  which  u  few  cytobliiatn  or  nucloi 
are  iiiibuddud;  these  cytoblaats,  as  they  n*cend  towards 
the  surface,  aro  supposed  to  ho  ^'radually  devclopei]  into 
nucleated  cells,  some  of  which  are  discharged  into  tha  ^ 
intestinal  cavity.  The  purpimo  served  by  the  material  fl 
seuroted  by  tliese  glands  is  still  doubtfuL  Their  large 
nunibor  and  the  extent  of  surface  occupied  by  them,  seem, 
however,  to  indicate  that  they  are  concerned  in  other  and 
higher  oilicoa  thaa  the  mere  production  of  fluid  to  moisten 
the  surface  of  the  mucous  membraue,  although,  duubtless, 
this  is  one  of  their  functions. 

The  gland*  of  Peyer  occur  exclusively  in  the  small  intes-^ 
tine.  'I'hey  are  found  in  greatest  abundance  in  the  lower  V 
part  of  the  ileum  near  to  tlie  ilco-cawal  valve.     They  are 


'  Fig.  74.     A  glaud  of  LEobcrkului. 
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iritb  in  two  conditions,  m.,  eilti«r  scaUcred  oingly, 
lA  whidi  <mao  tlicjr  um  t«mio<l  glanduia  wUUitui,  or  aggra- 
goted  in  groupK  varj-ing  from  one  to  thiee  inches  in  length 
and  about  half-an-tnoh  in  width,  duellf  of  oii  otiJ  form, 
their  luu^  axis  iiunillrl  with  that  of  tbo  inltmlinc.  In  this 
stitto,  tht<3'  aro  numod  ;ili>itdMla  agmijiata,  the  groups  being 
oommotUy  called  Pe^r't  patchei  (fig.  75).  The  latter  ar« 
placed  alinotkt  alwxj-a  oiijMnito  the  attachment  of  tho 
-  -DoaMitoiy.  In  atructaro,  luul  )>uhahly  in  fiuiction,  th«ro 
,  ia  no  OMMQtial  difference  bctwuoa^e  •olitar;  glauda  and 

}  fi^  SB. 


^^, 


y\kU 


,0  individunl  IhjiHi's  nf  which  vach  group  or  pnt^-h  is 
made  up ;  biit  the  surfiice  of  the  solitary  glands  {fig.  76)  is 
beset  with  villi,  from  whicli  those  forming  the  agminiilo 
patches  (tig.  77)  are  usually  ttee.  In  tho  condition  in 
which  th«iy  havo  hcca  most  commonly  examined,  each 
gland  ap|)6arB  as  A  'circular  opaque-white  saooulus,  from 
half  a  lino  to  a  lino  in  diameter,  and,  according  to  tlio 
degree  in  which  it  is  deveIo[«d,  either  sunk  boDcath,  or 
mon  or  leas  prominently  raitaed  on,  the  eurlace  of  a 
depression  or  fossa  in  the  mucous  mcmbrano.     Each  gland 


•  Tin.  7S-     AB™'ii»t»  follielia,  or  Peytr't  paUli,  hi  a  »t«l«  of  dis* 
t*9>ion  -  magniflcd  about  5  disuwttrs  (alter  Boelua). 


/    -.^  ../. 
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ia  surrounded  by  <q>eniags  like  iTioeo  of  I.iebcrkiihn's 
foUidtis  (mw  fig.  77)  except  tliat  tliey  are  more  elouK^ted; 
nod  tlio  direction  of  ttto  long  diameter  of  tuuHx  opaaiag  i« 
such  dist  Uie  whole  produce  n  rAdi«tod  appearanoo  aroond 
tlM  wtkibi  non^uliui.  TheM)  opening  appear  to  bekiug  to 
tubules  identical  nith  LiolMirkuliD'a  foUtcloa :  thoy  hare  no 
<;ommuii!L'atton  with  the  sacculus,  and  none  of  its  contenta' 
«capn  through    tliiim*  aa    j>rea8ure.     Nuitluir  uut   u^ 


tV 
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i'.j.  7«." 


pormnnont  opening  be  del«ct«d  iu  the  coci^us  or  Peyer'a 
gland  itaelf  (we  dg.  78). 

KiMih  gland  is  an  imjwrfectly  dosed  sac  or  follicle  formed 
of  a  tolerably  firm  membranous  cnprale  of  fine  coDneotivo 
tissue,  imheddi'd  in  a  rich  plexus  of  minut«  blood-' 
many  fine  branches  from  which  paas  throng  the 
and  enter,  ohi«fly  loopwise,  the  inlorior  of  the  foIUfilo 
(%■  79)-     Entejift  into  tho  formation  of  the  sacculv 


•  Fig.  76.    Soliluj  gland  of  smsll  intestine,  ftftw  ttnolim. 
+  ^'«-  77-   P"«  of  a  imlch  of  the  wcalled  PojwV  gimnln  imgniBed, 
xtiowln^  the  various  fomis  of  the  siotali.  willi  tlioir  t/»ii  uf  r<?nmjni 
The  ml  of  tho  niirolirane  niirked  with   LioberkUIiti's  follicles,  . 
£priuklcd  vith  tilli  ^fitter  Bo«hni>). 
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morabTCT,  and  forming  «  ttroma  or  vnpportiBg  franewoik 
tbiougliout  its  interior,  is  lymphoid  or  ttdawii  tissue  (fig.  72), 
oodtiououN  with  Uiat  whidi  Ibrms  a  greut  jurt  of  tho  mucoua 
BMmbroite  oaUide  it.  Tho  content*  of  each  sac  conaist  of  a 
pal«  greyish  opalesoent  pulp,  fbnned  of  albuminous  otid  fiit^ 
m«tt«r,  Wid  a  multitude  of  nucWl4>d  corpUAcles  of  rariovw 
eiiea,  nsembUng  ex^tly  those  found  in  lyutphatii:  glands. 

Hw  roal  offlooof  thaso  Pcjorian  glands  or  follictes  is  adil 
unknown.  It  tras  formerly  beliered  that  each  fbUid«  wan 
a  kind  of  «o(T«ting  <^'I1,  which,  trhon  ifa  oautcnts  were 
iully   matured,    funned   a  pij.  ys*. 

oommuQioation   w  ilh     tho 
oavity  of  tiia  intontino  by 

tho  obgorpCion  or  bursting       M^^M  ^kMM^J 

of  its  own  cell-H-all,  and 
of  tlie  portion  of  mucous 
mem  bra  DO  over  it,  and 
thus  discliaiged  its  secre- 
tion into  tho  inl^stina] 
canal.  A  small  shallow 
carity  ur  spacn  wo*  thought 
(9  remain,  for  a  time,  after 
this  Absorption  or  dehi- 
4oenoe,  but  shortly  to  dinaiipour,  togothet  with  all  trace  of 
the  previous  ghind. 

More  Kiccnt  acquaintanoo  willi  tlio  real  structure  of 
tboM  bodies  Beeiun,  hownver,  to  prOTo  that  they  are  not 
mere  lempornry  glaud-cells  which  tlius  discharge  their 
«labonttod  contents  int<i  llw  intestine  and  then  disappear, 
but  that  lh«y  aro   mtlior    to   be   regarded   as   structures 


*  Pijt.  7S.  Siile-vww  of  a  portion  «f  fntsxtinBl  mncoiu  mmnbtaoo  of 
m  cat,  thuving  n  Vtyn't  gland  (a):  it  in  iinWd»d  In  tlia  nubinucaiw 
ti»UD  (/),  the  liuo  of  ujnrslion  hotwciin  irliich  *nil  ihe  iuugouk  msm- 
Imiac  pBuuncmu  tha  g1iind:6,aD«  ofllin  tubulnr  tolliulM,  tho  orificM 
of  which  Form  llio  lono  nf  ojivuiu^  aiound  ths  f;Uiiil  :  t,  tha  Cmns  ia 
th«tnuc(inB  mmibnaf  :  <f,  villi :  t,  fwlliclci  of  LicbetkUhn  (t/tor  BcndQ, 
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KnalogouB  to  Ijmphatic  or  abeorkent  glands,  and  that 
their  office  is  to  take  up  certaia  materials  from  the  ^jle, 
olaliorate  aud  subsequently  liiscliaTge  them  into  the  lacteals, 
with  which  vcescts  they  appear  to  be  closely  connected, 
although  no  direct  tommunieation  has  heeo  proved  U> 
exist  between  thi^m. 

Moreover,  it  has  been  lately  suggested  that  since  the 
moloGular  and  I'ullular  rou  touts  of  the  gilauds  am  to 
abundantly  traversed  by  minute  blood-wssels,  important 

Fiy.  lO: 


changes  may  mutually  take  pince  between  those  contents 
and  the  blood  in  the  vessels,  material  boing  abstracted 
from  the  latter,  elaborated  by  the  cells,  and  then  restored 


•  Kg.  79.  TnuiBvtreo  icclbn  of  injected  Pejcr'*  glondi  (from  KOl- 
likir.  The  ilrnwiDg  wits  taken  from  a  ^irFpamlion  miKle  hj  ftrj  :  It 
represent*  tlie  tine  capillary  loujicil  network  ajireudlug  from  ilia  aur- 
runndiug  lilood-veMcIt  into  tlie  lnt«riur  of  tiitvt  ot  Peyer's  cap«nl<a 
froiu  tlie  iittntia*!  of  tliv  niUiit. 
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to  iho  blood,  much  in  tho  game  manner  as  is  beliered  to  be 
the  oftae  iu  the  aO'Cutli^d  Tu.ii;ular  gliuicls,  eiicli  us  tlio  hi^Immi, 
tl^jmiu,  nad  others ;  and  that  thus  Pejer'e  glands  should 
alao  be  regarded  ha  dontly  analogous  to  ihtmc  vaacular 
gl&ndK.  I'oiBJliIy  tljuy  miiy  romliinc  the  funcHonn  both  of 
lymphatic  and  Taecular  glands,  abaorbiiig  and  elaborating 
material  botli  from  the  vbylu  uud  from  tho  blood  within 
tbnr  minute  Teswls,  and  transmitting  part  of  tho  lactwtl 
iijattaa  and  part  direct  to  the  hlood. 

F--  So,' 


Srwin't  gUuitU  (6g.  So}  are  confined  to  the  duodenum  ; 
tbcj  uo  most  abimdnnt  and  thickly  sot  at  the  rotnniduw 
meat  of  this  portion  of  the  intestine,  dJroiniahing  gradually 
as  the  diiodenum  advances.  Situated  beneath  the  mucouA 
mombraDe,  and  imbedded  in  the  submucous  tissue,  th^ 
OK  minutely  lobulated  bodies,  visible  to  the  naked  eye, 
like  detached  Huall  portions  of  pancroas^  and  provided  with 
permanent  gland-ducts,  which  pass  tlirough  the  mucotm 
mombrouo  and  open  on  the  iutomal  surface  of  the  intestine. 


*  f\g.  9a.  Enluged  riev  of  ono  oT  Bruus'i  s^'ndi  fnm  the  bnnum 
<lood«imiri  {tram  Frey).  The  main  duct  Is  s«vn  >u|ieriai'ly ;  iU  brsaebw 
■tc  cl)owh«r«  liidiltu  by  tb«  buuchviorupaiiuDglaudulu  vniclott. 
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Aa  !b  sUuoture,  so  probably  in  fundion,  Oiey  reeemWo  ftift 
ponnroiis;  or  at  Icn»t  stuntl  to  it  in  a  riinUar  n-lulion  to 
th&t  wliich  the  small  IdbiaJ  aiid  buccal  );landfl  occupy  in 
rnlation  to  the  larger  ssUriuy  glands,  the  parotii)  and 
etibaiaxilljuy. 

The  van  (fig«.  8i,  82)  ftre  confined  exclusively  to  the 
muoous  membrane  of  tlie  small  iutMiliuc.  Tliey  are  minute 
vascular  proceaees,  from  a  quarter  of  a  Unc  to  a  line  and 
two-tliirdfl  la  leugtli,  <!OTi;nng  tho  tstirfiu^o  of  tlie  mucoua 
membrane,  and  giTin)>  it  a  peculiar  relrety,  fleecy  appcar- 
BOoe.  Krauss  esUmafes  them  nt  &fty  to  ninety  in  Dumber 
in  a  square  line,  al  the  upper  part  of  the  small  iiit<-)itinfl, 
and  nt  forty  to  seventy  in  tho  cnme  arna  at  the  lower  part. 
They  vary  in  form  eren  in  the  same  animal,  and  diffira* 
according  ns  the  lymphatic  vossela  they  coiitoia  arc  empty 
or  full  of  chyle  ;  being  usually,  in  the  former  cose,  6at 
and  pointed  at  their  summits,  in  th«  latter  cylindrical  or 
clarate. 

Each  villus  (onsista  of  a  mnall  projection  of  mucous 
membrane,  and  its  interior  is  tlicrefore  mipporiod  thmufth- 
out  by  fine  rellform  or  ndenoid  tissue,  which  fonns  tho 
framework  or  stroma  in  which  the  other  oonatituents  are 
contained. 

The  surface  of  the  villus  Is  clothed  hy  colnranar  epithe- 
Inim,  which  rests  on  a  fine  basement  membrane;  while 
within  this  are  found,  reclconing  IVom  without  inwordii, 
blood-Tessels,  fibres  of  the  mmcularit  tnucoia,  and  a  single 
lymphatic  or  lacteal  vessel  rarely  looped  or  hrasdied  (fig, 
81}  ;  besides  granular  niatl«r,  fat-globules,  etc. 

The  epithelium  ifl  of  the  columnar  kind,  and  i«nlinuou« 
with  tliut  lining  the  other  pnrls  of  the  mucous  membrane. 
Tho  c^Us  ore  arrtragcd  with  their  long  axis  radiating  from 
the  surface  of  the  villus  [fig.  Si),  and  tlieir  ameller  ends 
resting  on  the  basement  membrane.  Some  doubt  cxiat« 
concemicg  the  minute  structure  of  these  cells  end  tiieir 
relation  to  the  deeper  parts  of  the  villus. 
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firhicti  form  ft  dense  uetnoilc,  [iroceed  one  or  two 
nan  veins,  nhich  pass  out  at  tke  bate  of  tlw  villus. 
The  lny^T  of  Iho  munutarit  m\Kosm  in  th«  villus  IbriDS  a 
idad  of  tliiu  Uolliiw  cone  immediatulj  around  the  central 
iMteal,  and  i*,  tb«mfor«,  sitiiiito  ^(a]eoth  the  bIood-v«Mela. 
lie  addition  of  aeotic  acid  to  the  villus  brioffs  out  the 
<JiaracterIttic  nuclei  of  tlkit  miiMniliir  filiixs,  luid  nhow«  tlui 
I  asd  pontion  of  the  Inyer  innst  diotinctly.     Its  iiae  is 


*ng.8i.    <K1ighllr  altered  from  Tdcliinuin.)    x.  TUliuordiMp. 
e.  THII  of  nail. 


JOS  DIOESTIOS. 

Btill  unknown,  although  it  is  impoasiblo  to  resist  the  helief, 
tliut  it  is  iiiatTiiQieiital  iii  the  pTO|iuIfiun  of  chyle  iiIou){  the 
lacteal, 

Fu}.  Si.' 


The  lacteal  vtntel  enters  tlie  base  of  each  Tillu«,  and  pass* 

*  Fi^'.  Si.  tFfomTcichmanli.)  a,  Wtonta  in  villi.  F,  Fryer*!  gltmda. 
B  and  I),  ■iipi'iHci.il  (mil  dcpp  network  oS  luctoi]*  In  iiubmiicaus  tusne. 
L,  l.lcb«rkiiliir«  t;liiM't«.  R,  imull  bnnch  of  Ucttal  vsMolon  lis  mij'  to 
mcsriiUric Rlaud.    umd  u,  muecularlibrMof  tntestioe.   H,  jwritontiim.. 


:  op  in  tlu)  middle  of  it,  extends  nearly  to  the  tip,  where 
it  enda  oommouly  by  n  clrawd  nnd  somowhat  dilated  ei- 
tiviaity.  In  the  larger  villi  there  may  bo  two  nnnll  lacteal 
TeawU  vbich  md  by  a  loop  (lig.  Si),  or  tho  lacteal*  may 
form  a  kind  of  neticork  in  the  villiu.  The  last  method 
of  ending,  boverer,  iti  rarely  or  uerer  *oeu  in  the  himan 
snbjeet,  nltboiigfa  common  in  some  of  the  lower  animala 
(a.  fig.  8i). 

The  oSiee  of  the  villi  is  the  nlisor|ition  of  chybt  from  the 
completely  digi>i>t«d  fi>od  in  the  intestine.  The  mode  ia 
whidi  they  effect  this  will  be  considered  in  the  chapter  on 
ABSoamox. 


Stmetiire  oj  the  I^ryf  Tnlntine. 

The  large  intestine,  which  in  an  adult  is  from  about  4  to 
6  feet  long,  is  aubdividcd  for  dcacriptiTO  purpoiM  into  thre* 
{MTtioD*,  viz.  : — The  eacum,  a  §bort  wide  pouch,  commu- 
oicating  with  the  lower  end  of  the  email  inteatiix!  through 
UD  opeoing,  guiirJi'd  by  tlie  iUo-ettcal  Talre;  the  colon, 
oontiouous  with  the  cny-um,  which  forms  the  {iriocipal 
part  of  the  large  iuteAtiue,  and  is  diridod  intu  au  a-miiid- 
ing,  transverse  and  deecenditig  portion ;  and  the  reclun, 
which,  after  dilating  at  its  lower  part,  agaiu  contract^ 
and  immi'diatcly  alWwitTds  opens  cjttcmally  through  tlio 
iiKM.  Attached  to  the  cscciim  is  the  small  appeiidix 
rtmii/onnu. 

liiko  tbo  iinall  intestine,  the  ttrgt  is  constructed  of  three 
principal  coats,  viz.,  the  serous,  musculnr.  nod  mucous. 
Tfaa  ttrou*  eont  need  not  be  here  particularly  described. 
CoHDOCted  with  it  are  the  sniaU  processes  of  peritoneum 
oontaiiil&g  ful,  called  appmdiee*  tjjiiiloic>t.  The  fibtes  of 
the  muKular  coat,  like  those  of  the  small  luteatine,  ore 
Birauged  in  two  layers — the  outer  longitu^nally,  the 
inner  drculnrly.  In  Uie  ceeoum  and  colon,  the  longi- 
tudinal fibres,  beades  being,  m  in  the  small  intntrtiuo, 
thinly  disposed  in  all  parte  of  the  wall  of  the  bowel,  an 
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ooUoctod,  for  tho  most  part,  into  tlinw  strong  bauds,  wbicU 
belli);  shorter,  from  end  to  end.  ibnn  tbe  otlior  conto  ol' 
the  iuteBtiae,  bold  tbc  canal  la  folds,  bounding  inter- 
nedJate  bbccuU.  On  tbe  diTielon  of  tlicw  baiidn,  tlie  iatm- 
tine  oan  be  dravn  out  to  its  full  leagth.  and  it  tbco 
wttumes,  of  course,  an  iiiiifonnly  vylindrioat  form.  Id  tiut 
lectum,  the  fasciculi  of  tli«so  lon^Iludinnl  bund*  tproiul 
out  and  minglo  wtlli  the  otiier  lonsiludinftl  fibres,  forming 
vtth  tiwta  a  tliitlcrr  liiyor  of  fibrvH  tliuii  vxttils  on  any 
Other  part  of  the  inteBtinttl  canal.  The  circular  muscular 
fibres  are  spread  over  ibe  \i'hoIe  surface  of  the  bowel,  but 
are  somewliiit  raoTK  murltud  iu  tlie  iiilcrvaU  betvecn  tfau 
socouli.  TowarJs  tlio  lowor  end  of  *ho  r«ctuin  tJi*y  beoomo 
moro  namcroua,  and  at  tho  antis  they  form  a  rtrong  band 
called  the  inltrnal  tphiiicter  muscle. 

The  tniir.ii\ii  mtmbraiic  at  tho  liirge,  likn  thiit  of  tho 
small  intestine,  is  lined  throughout  hy  columnar  epitlie- 
lium,  but,  imlihe  it,  is  quit«  smooth  and  destitute  of  tiIU, 
and  is  not  projected  iu  thv  form  of  viilviilie  <'oDuivente«. 
Its  general  microscopic  structure  rcscmbU's  that  of  the 
small  intestine. 

Glandt  i>j  ike  Large  Intestine. — ^The  glands  with  which 
the  large  iulcstiuo  is  provided  are  of  two  kinds,  the  tubular 
and  lenticular. 

The  luliuhir  glands,  or  glands  of  Ueherkillm,  r^semlilu 
those  of  tlie  small  intestine,  but  ure  Goniewliat  la^er 
and  more  numerous.  They  are  also  more  uniformly 
distributed. 

The  lentieiilar  glands  are  most  numerous  in  the  cawoin 
aad  vermiform  appendix.  They  resemble  in  shnpo  and 
structure,  aJuiost  exuolly,  iJie  solitary  glauds  of  the  small 
intestine,  and,  like  tbcm,  have  no  oponing.  Just  ovur 
them,  however,  there  is  commooly  a  small  depreision  in 
the  muooua  membrane,  Tvbich  bus  led  to  ths  en«tUH>Us 
belief  that  some  of  them  open  on  the  surface. 

The  functions  discharged  by  the  glaods  found  in  the 
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larg«  i&tMtino  oro  not  kaovn  witli  iiii]r  corUin^',  but 
th«ro  is  so  noBoa  to  <lcubt  tluit  thoy  resemble  very  nearly 
thorn  diseliarged  bj  the  glands  of  like  etructim  in  the 
unall  intntiiw. 

The  difficulty  of  determining  the  fViactiOD  of  any  siogle 
aet  of  the  intestinal  glands  wMnns  indet^d  almoKt  iniiupaf 
able,  ao  numy  fluid*  beings  diadiiu|^  together  into  the 
intoetine ;  for  all  acting,  probably,  at  oooo,  proilac«  a  com- 
bined effect  upon  tho  fuod,  k>  tliut  it  ia  almost  impoesible 
to  diiKNvni  tho  aluiro  of  any  »nc  »f  them  in  digMtioD. 

liiofiKat  rn/iv. — The  ilio-t«<ral  valve  is  uluate  at  the 
place  of  junction  of  the  small  with  the  large  inteetine,  and 
guards  a^nst  any  reflux  of  the  contents  of  tho  latter  into 
the  ileum.  It  in  coinpotied  of  two  semilunar  folds  of  muoous 
mombnioc.  Koch  fold  is  formed  by  a  doubling  inwarda  of 
the  mucous  membrane,  and  is  strentfthened  on  the  outside 
by  somo  of  the  cinmlar  musculiu  iibres  of  the  intestine, 
which  are  contained  between  the  out«r  surfaces  of  the  two 
layen  of  vhidi  each  fold  is  composed.  The  inner  surface 
of  the  folds  is  smooth  ;  the  mucous  mnmbrano  of  tlio  ilium 
beinj;  coutiuuous  with  that  of  the  ciDcum.  That  surface 
uf  Mtcli  fold  which  looks  towards  tlie  small  intestine  is 
eOTWed  with  villi,  while  that  which  looks  to  tho  cncom 
has  none.  When  the  accmm  is  diHlended,  the  margins  of 
the  folds  are  atretchi;d,  und  thus  are  brought  tuto  linn 
appoailioB  one  with  the  other. 

>\'hile  the  circ-ulor  muscular  fibres  of  the  bowel  at  the 
junction  of  the  ilium  with  tho  uccum  aro  coutained 
betwiMTu  tho  outer  opposed  surjaces  of  the  folds  of  mucous 
mombrane  which  f<~'rm  thu  valve,  the  lougitudiual  mus- 
cular fibres  and  the  peritoneum  of  tho  emsU  and  large 
intwtinu  re^cetirely  are  continuous  with  each  other, 
wilhovt  dipping  in  l<>  follow  the  circular  fibres  and  the 
mucous  membrane,  la  this  maonor,  therefore,  tho  folding 
inwards  of  tlioso  two  last  named  structures  is  preserved, 
while  on  the  other  hand,  by  dividing'  the  longitudinal 
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muacuUr  fibres  and  llin  poritonftum,  the  valre  can  be  m&de 
to  disappear,  jiurt  as  tlie  conrtrictions  Wtireen  thn  mccnli 
of  tbo  lat^  intefltine  can  be  made  to  dieappenr  hy  por- 
termng  it  similar  oporation. 

The  Pancreas,  and  it*  SecrtlioH. 

Tlie  pRntrens  is  situated  wttbin  tlte  oirre  fonaed  bj  tfao 
duodenum ;  and  its  main  duct  opens  into  that  part  of  th» 
ialeatlae,  either  throiigli  a  smiiU  opening  or  tliroiigb  a  duct 
common  to  itself  tmd  to  the  lirer.  The  paiirrcHA,  in  its 
minute  anatoroy,  closely  resembles  the  saliTary  glands ; 
aod  the  fluid  elaborate  by  it  jij.peant  almost  ideiitleal  with 
salivB.  ^\1i«a  obUuited  pure,  in  all  the  dificmut  «nima]« 
in  which  it  has  been  hitherto  examined,  it  has  been  found 
oolourleas,  transpareiit,  and  ahghtly  viscid.  Il  ia  alkaline 
when  frodli,  and  ccinlains  a  peculiar  animal  matter  named 
paiufrtatiu  and  certain  salts,  bolh  of  which  are  very  similar 
to  those  found  in  aalira.  In  paiu-Katic  sccrvtion,  howoror, 
thero  is  no  sulpho -cyanogen.  Pancreatin  is  a  ^bstanc« 
coagiUable  by  heat,  and  tn  many  other  reepec^ta  very 
like  albumen;  to  it  Iho  peculiar  digcativo  povror  of  tho 
pancreatic   secretion   is    probably  due.      Like  saliva,  the 

ucreatii^  fluid,  Hhortly  attar  its  escape,  beoomes  neutral 
then  acid. 

The  following  is  the  mean  of  tliree  analyses  by 
Schmidt: — 

Compotilion  of  Pancreatic  Stcretion, 

W»l«r 980-4S 

SolitU I»'jS 

pAlii-italiu I3'JI 

iDutgauk  baiH  uid  salts    ....       6*84 

•9-SS 
The  functions  of  the  pancreas  are  probably  os  follows : — 
X.  Nuueroue   experimenta  have   shown,  that  tlarcK  is 
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acted  upoD  by  the  pancreatio  SNTetion,  or  by  portiona  ©f 
puumu  put  in  Btarvb-paste,  iu  the  camo.  mimiinr  thai  it 
is  bjr  saliva  and  portionn  of  the  solivftiy  glands.  Svd 
altlioti;;h,  at  before  stated  (p,  262],  muuy  aubctaitoes  be- 
eidea  tlioM  gland*  cim  cxoito  the  tniuibrninttoo  of  ntaivh 
into  daztiio  and  ^raps-sugnr,  yet  it  appeara  probable 
that  th<i  pancMatie  fluid,  exereising  ttiin  pourer  of  tnn» 
foimatioD,  is  largdy  mibscnri<(nt  to  tho  purposo  of  digeatiDg: 
slai^.  MM.  Boucliardat  and  Sandraa  iiave  shown  that 
the  raw  starch-jn^uialea  wliicii  buT«  pasted  uncluuignd 
thiougb  tike  crops  and  giiEzards  of  graniroroiu  birds,  ot 
through  the  ntoma«hH  of  hi-rbivorous  >Iauxnialia,  are,  in 
the  nnaU  intestine,  di^orgnniDod,  erodod,  and  finally  Ain- 
•olnd,  a»  they  are  when  exposecl.  in  experimeat,  to  the 
action  of  tho  pancraatio  fiuid.  The  Inlo  cannot  ciEBCt  auch 
a  diange  in  etarch ;  and  it  is  most  probable  that  the  pan- 
emtio  noretion  ia  the  prinuipnl  agent  iu  the  tranalbr- 
niatlon,  though  it  is  by  no  rncoos  dear  that  the  ofHce  may 
not  be  fihared  by  the  M-cretlon  of  the  intestinal  muooua 
membrane,  ^rhich  idxu  Houms  to  poMcss  tlio  |)oirer  of  con- 
verting atarcfa  into  sugar. 

2.  'Flin  estitteniw  of  a  paBcreaa  in  Caraivora,  which  have 
little  or  no  starch  in  Ihirir  fmyj,  and  thtt  mmilts  of  varioufi 
obsorvaliuua  and  experiments,  leavo  very  little  doubt  that 
the  panrrcntio  •ecrction  also  assists  largely  in  tlio  digestion 
of  /aiii/  matttrt,  by  tTaosfbnniog  ^m  into  a  kind  of 
omuhiio:),  and  thus  renderiut^  them  capable  of  absorption 
hy  the  laictools.  Several  oasc»  have  been  rccordvd  in  which 
the  panerealu  duct  b^ng  obstructed,  so  that  the  secretion 
doold  not  bu  ilincUiirged,  fatty  or  oily  matter  van  abun- 
dantly discharged  from  the  inlitiitiim.  In  nearly  all  these 
CMS*,  indeed,  the  livur  was  coincidently  diseased,  and  the 
dtaoge  or  absence  of  the  bile  might  appear  to  contribute 
to  ttie  teenit ;  yet  the  iVequcncy  of  extensive  disease  of 
ths  liver,  unaccompanied  by  fatly  discbarges  ftom  the 
inteetineB,  favours  the  vt<<w  that,  iu  theHo  cases,  it  is  to  the 
•bwnoo  of  the  pancreatic  lluid  £tom  tho  intasUoea  that  tho 
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excretioD  or  non- absorption  of  SMj  matter  should  be 
rucribocl.  Ill  Buniiird'a  t^xpuriments  too,  liit  always  ap< 
peitred  in  the  nvacuatioiis  when  the  pancreas  was  deetroTed 
or  its  duct  tied.  Bernard,  indeed,  ia  of  opinion  tJiat  to 
vmidsify  (iit  is  tho  (txiircw  offic«  of  th<i  puiiomiM,  and  tho 
eridence  that  he  and  others  have  brought  forward  in  sap- 1 
port  of  this  Tiew  is  Tery  weighty.  The  power  of  emulsi- 
Qring  fat,  however,  although  perhaps  mainly  exercised  by 
tho  secretion  of  tho  pancrvits,  is  oridootly  passcaaod  to 
aonw  extent  by  other  secretions  poured  into  the  intestines, 
and  Mpecittlly  by  thu  bile. 

3.  Tho  pancreatic  socrction  diicJiarge:*  u  tliird  fuDctiooJ 
also,  namely,  that  «f  ditsolring  albumiooas  eubstanoea;] 
the  peptone  produced  by  the  aetion  of  the  pancreatic  aeero* ' 
Uoa  OD  protcids  not  ililTnriiig  cssootiolly  from  tliat  formed 
by  the  action  of  the  gastric  juice  (see  p.  285). 


Structure  0/  the  Liver. 

The  liver  ia  an  extremely  vasuukr  organ,  and  reoeit 
pm  supply  of  blood  from  two  distinct  tmsoIs,  tho  porlat 
win  and  hcjialic  artery,  while  the  blood  ia  returned  from  it 
into  tlie  vona  cava  infbrior  by  tho  hepatic  vein.  Its  secre- 
tion, tho  bUe.  is  convoyed  from  it  by  tho  k«fatie  duct,  either, 
directly  into  the  intestine,  or,  when  digestion  ia  not  going 
on,  into  tho  cytlie  duct,  and  thcuce  into  the  gall-bladder, 
whore  it  accumulates  until  roijuirod.  The  portal  reiOr 
hepatic  artery,  and  hepatic  duct  branch  together  throughout 
tho  liver,  wltile  tho  hepalio  vein  and  ita  tributaries  run  by 
themselves. 

On  the  outside  the  liver  has  an  incomplete  covering  of 
])eritoueuin,  and  beneath  tluH  is  a  very  lino  eoiit  of  areohir 
tissue,  continuous  oi-er  tlie  whole  surfiioo  of  tlie  organ. 
It  is  thickest  where  tho  peritoneum  is  absent,  and  is  con-  ! 
tinuous  on  t!ie  geiiurul  surfncii  of  the  livor  with  the  fine, 
and.  in  tho  human  subject,  almost  imperceptible,  areolar 
tififlue  inveatiug  tlie  lobules.     At  tho  truuiiverse  fissure  it  ia- 
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raci^od  ia  the  areolar  tnveAtment  called  GtUaon's  capsuk, 


J^.S(. 


\fhkh.  Burroundiog  the  portul  vedii,  hqiulio  attexy,  and 
hepatic  duct,  as  they  enter  nt 
this  put,  accoDipimiiM  thom 
in  their  bFaiicItin|>s  through 
tba  oubitaucti  <if  th«  Umr. 

The  liver  is  made  up  of 
amall  rotmdieh  or  oval  i)or> 
tioiu  called  lobules,  uacli  of 
which  is  about  ^  of  ao  inch 
in  diameter,  und  compoeud  of 

the  minutes  bran^es  of  the  portal  vein,  liepatic  artery, 
hepatic  duct,   and  hepatic  rein ;  uhile  the  interBticea  of 


*  Fl|(  S3.  Tba  lireT  buit  Ihhhi  tiiriiei]  ovi-r  Iruiii  left  lu  right  M  as 
•xpOM  tbs  levnt  aurfucv.  1,  Ian  lubv  i  i,  3.  4,  5.  right  lolw  ; 
6,  lobulns  ijuailrAtiii ;  7,  i>onii  licpiitiii ;  S,  9.  to,  loliulut  Kplgilii ; 
II,  lobuliia  caailiilui  1  13,  ij,  IciLiurciw  or  piirlal  Gouta  with  tho 
great  vciNla ;  14.  licpalic  anrxj ;  15,  vana  portic  ;  16,  auti^rior  iwit 
eTtholonitituiliniiJ  llBtaro,  containing  17.  tlio  round  tigpiment  oroli- 
llttrmtcd  ramain^  of  the  iimliilluLl  Toiu  ;  I S,  pntfiriar  part  of  Ilia  tamo 
Okut*,  cnriuluui];  19,  Uio  •jMiinMiii^i.l  itiiLtiiH  vraotiit;  so;  ai,  1>, 
gkll-bWdrr  i  aj,  ejvlii)  duct ;  H,  lii:["ii<u  duel ;  15,  (um  conlaiiiiiig 
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tfaCM  tcomU  are  filled  by  tho  lirnr  oelU.  ThaM  celb 
(fig-  S4)  wliicli  moke  ap  •  groat  portion  of  the  eubstoncA 
of  die  oTgau,  axe  rounded  or  [lohguuiil  frum  about  -j^  to 
TssTS  ^^  ^°  [neb  in  diumetor,  contaiaing  woll-marketl  nuclei 
nod  graQu]««,  and  linving  sometimes  a  jellowi^  tinge, 
«qiecullj  about  their  nuclei ;  frequetutl^,  tlwy  ootituiD  alao 
Tariou  «izt!d  ptu-ttclcs  o(  fmt  (fig.  84  •}.  Eocb  lobule  is 
Tfliy  sporinglv  invoeted  by  anolor  tlanuK 
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To  undentead  tho 
distribatMMt  of  the 
1>lood*T0Jwrls  to  Ihe 
liver,  it  will  be  woU 
to  truce,  fint,  th«  tiro 
blood-raaaela  nnd  the 
duct  wMoh  cnt«r  the 
oigan  oQ  tlin  under 
surfaoo  nt  the  trans- 
vorw  fimiuTC,  vir.,  the 
jxirlal  rein,  liL-jialio 
artery,  and  bepstiej 
duct.  Aa  Iiefore 
marked,  all 
ruit  in  company,  and^ 
thdr  appcaranco  on 
longitodinal  aecttoo 
is  sbonu  in  fig.  85.  Husniog  together  through  thnmilwtBftoe 
of  the  lirer,  tUey  are  coot^ed  in  amall  channels,  called 
portal  canaU,  tht-ir  iinnicdiate  iTiveetment  being  a  abeath 
of  areolur  tissue,  calhfd  Glutsmn's  t'U]isul«. 

36,  tli«  vfiii  cHvii  iufvrior :  17,  upuuiiig  of  the  topBuW  vciii ;  zS,  ■mail 
p.-iit  of  tliL-  trunk  uf  llifl  right  lirputi?  vein;  t%  Imiik  uf  tha  left 
iiepnlk  vuin  ;  30,31.  oiicuinii  of  llio  right  Mid  loft  diajihi'asinalicidBa. 

*  Fiji.  ^5*    [.ongitndinnl  «rlinn  of  a  portal  canal,  t^onUining  a  j 
vitla,  hnpntic  itrtcrj  am!  hepatic  clitct,  fivm  Uii^  pi^  (oftei  Kienmn).  )•  1 
litiin'')!  nf  vriia  portx,  aitiiatcci  In  a  portiil  ranil,  fonn«il  •mongit  ttin 
lubnliiH  of  thi?  livnr,  ami  ^vlng  olf  T;ig^'ii«l  briaclm  1  ihvra  an  ala»j 
MUD  wilUiii  lliv  \»T^  purtal  fvln  nninvniiiH  orificoi  of  the  iinUlMt  iati 
lobulurvviiiBariungiiinjiHIrrrDiit  it  1  a,  hepatic  aitcry ;  if,  bnpatiei 
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To  Uike  the  dislributioa  «f  tliu  jiortal  tviii  first : — In 
its  «ftune  througli  the  liviCT  this  rossol  given  oS  small 
twancbM,  which  dirido  and  subdivide  Letwoen  the  lobules 
miRounding  them  and  Uniiliug  them,  und  from  Uiia  cir- 
oonutoooe  ctdled  tnrM-lobtdftr  xtana.  Tmm  these  small 
ToonU  a  doiiM)  luipilhiiy  notwork  is  prolonged  into  the 
inbvtnncfl  of  the  lobule,  and  this  netvrork  graduallj-  g^ather* 
ixkg  itwlf  up,  so  to  sp«alc,  into  larger  vtwds,  toiivrrges 
fiiudlf  to  a  magic  sianll  voin,  oc4-upj-iiig  Iho  conlro  of  the 
lolmlc,  and  hcDco  called  incru-lobular.  This  arroogemciit 
ts  well  seen  in  fig.  S6,  which  represenla  a  transT«rs6  sec- 
lian  t>{  a  tobulo.  The  imalUr  hrandies  of  the  portal  rein 
being  closely  surrounded  by  the  lobules,  give  off  directly 


^/S 


iniitrlobwlnr  rr^ins  (««)  fig,  85);  but  liere  and  there,  espe- 
cially where  the  hepatic  art«i7  and  duct  iuterveDo,  branches 

*  tig.  86.  Cron  tcciian  of  a  Inbula  of  the  liuinan  Hvn,  ia  nlijcfa 
Uiseaiiilliry  netwuik  b«tWMn  llio  porUl  miil  Iigpnt  Ic  viiiiiiluu  been  faDy 
iqjt«l«d  (from  Sappcy)  Y-  '■  S«ctiou  uf  the  I'lAiii'lnbuIiiT  v«in ;  3,  Its 
■msUcr  bimnclie*  collnrting  blood  froiu  Ihs  ^npitUry  solwork  ;  3,  AUcr- 
rebalai  bruichm  of  tlin  vena  portn  with  thcii  inulUr  nmi&catjoits 
piSBJim  inwud*  lowitriU  the  ci>[411nry  nctnoik  in  tltc  lubituwe  of  tlw 
lobule. 
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colled  ragiun!  firrt  aniKr,  and  lirooking  up  in  tlic  »lictttli  an^j 
subsequently  distributod  like  the  others  nround  the  lobv 
and  bpwiirti  inter-lobulur.  Tliu  iar^cr  triinlia  of  the  portal 
being  more  eeparntdd  from  tho  lobulpB  by  a  tliicter 
iHi  of  Glisaon's  cnpxule,  give  ofiT  vapinat  branches 
fllOB^  Trliicti,  howov«r,  iidor  breaking  up  in  the  alieatti, 
are  dutributcd  like  the  othon  betweou  the  lobulo,  nod. 
Iiooome  tn/fr.lobular  veins, 

Tbo  sraitll  in  Ira -lobuliirvoins  diist'liaTgn  Ibeir  conliMiU  into 
vdns  called  «uJ<-lobukr  (%.8S),«-hiletlieM  again.  b^thoICj 

J'.V,  St- 


'  FiK'.  87.  Srctton  of  a  portion  of  livof  poMiag  longihidiBBlly 
ilirougli  a  conridf^mUe  licpalic  vflin,  from  the  pig  {iiftor  Kiernnnl  1-  H. 
Iiflpotio  vrnoiiH  triiiil:,  xji^iuat  ivlili'.li  lliu  sides  of  llin  Inbiilc*  (I)  an: 
appliei!  ;  ft,  A,  ft,  Buliloliulur  lii'palic  niinH,  Oil  wliiidi  Uin  hnun  of  llo 
lobuliM  ml,  mid  lliifitiKli  till!  f'lnU  of  wliicli  Ilie;  Mv  tarn  ks  (loljgolttl 
liftnrvH ;  1',  mouth  of  Ihv  iutnloIniUr  viiiiu.  opeiiiug  into  tlie  lublobnlar, 
vrins :  t',  iotrnlolmlar  veiDi  bIiowu  pausing  up  tbe  centn'of  somsdiTfil 
lobulist;  I,  !,  c.nt  mrfocs  of  Itia  liT«i ;  «,  e,  walls  of  the  li«p«itte  Teaooil 


naioD,  fbriD  tlut  main  brannhos  of  tHo  h^patie  vein,  vludi 


i'v-SS." 


LtbuUi' 


Idavea  tiie  posterior  border  of 
tlio  liver  to  flud  hy  two  or 
threo  priDcipaL  tniiiks  in  tho 
inferior  vena  cara,  just  before 
its  poMAgo  through  tho  iii«- 
phragm.  Tho  m^'lobulur  and 
hepatic  teiiit,  tinliko  thn  portat 
voin  and  its  oompaaions,  have 
little  or  no  aroolur  tiaaue 
nroim'l  thoin,  ami  thnir  coats 
being  veiy  tliin,  tliey  form 
little  more  tkau  m6re  chan- 
noU  ia  lh«  liver  subetwiioe 
which  cloeelj  eurroonds  them. 

Tii«  manner  in  which  tho  lobulea  are  connected  with 
the  rublohular  veins  by  moans  of  tlie  small  iutTahbiUar  reins 
is  well  seen  in  the  diagram,  fig.  8S  and  in  fig.  87,  wluob 
repreacnt  the  i>arts  us  seen  in  a  longitudinal  section.  Tho 
itppoarnnoo  Iia«  )>nan  likened  to  a  twig  ImNniig  leaves  with- 
out footetnlks — tlio  lobules  representing  the  leavoH,  and 
tho  tubtobular  vein  the  small  brnncli  from  which  it  springs. 
Ob  a  transverse  section,  the  appearance  of  tho  irilni- 
Johifar  veins  i»  tliut  of  i ,  fig.  86,  while  both  a  tranvono 
and  tongituilinid  aei:tion  are  exhibited  in  fig.  89. 

Tho  hcpstio  artery,  the  function  of  which  ia  to  dintribate 
blood  for  nxilrition  to  Olisson's  capsule,  the  walls  of  tho 
dueUi  and  hlood- voxels,  and  other  ports  of  the  liver,  is 
distributed  in  a  very  similar  manner  to  the  partnl  vein,  its 
blood  being  returned  by  small  branches  either  into  tho 
ramifications  of  the  portal  vein,  or  into  the  capilla)7  plexus 
of  the  loblUes  which  connects  the  inter-  and  infm-lobulAr 
veins. 


*  FiftMi  DbvamdMnb^iheiusiuuthiwlilcb  tholobnlMeTthe 
lim  ntt  OB  tha  ttiblolnilar  vrins  ^er  Eimnsal. 
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The  hapa.lie  duct  (Ilvi<l««  Kad  luLdiTidca  Id  a  manner 
tot;  like  that  of  Uie  poTtnl  vein  and  hepatic  nrtory,  tho 
larger  braacheB  being  lined  by  q/lindrical,  and  the  smaller 


tiy  ftiniill  piitijtjanal  t^fiitltclium.  Tlio  (-xiict  arninf;omcnt  of 
ile  terminal  brnnch(<9,  however,  and  their  relation  to  tb^ 
llTer-coUa  hnve  not  been  clearly  inndo  out,  or,  (tt  loMt,  have 
not  been  agrwd  U|n>n  by  different  observers.  The  chief 
thfiorios  oil  th"!  mibjcrt  aro  threo  in  number : — 

1.  That  the  terminal  branches  of  the  hepatic  duct  form 
an  interlobuliir  (n^twdrk,  which  abuts  on  the  oiilcrmost 
<«11b  of  a  lobule,  but  does  not  enter  the  inside  of  tha, 
lobule,  or  only  for  a  little  way, 

2.  That  minute  branches  brgin  in  tho  lobules  beta^Mn 
the  cells,  not  enclosing  them. 

3.  Tliut  the  ultimate  bronuhea  begin  in  the  lobtdes  and 
lose  hopntic  cells. 

*  Fig.  59.     Cnpillaiy  noliTArlc  i>t  Ihn  lobulM  Of  Ihl  ritbbit'B  livpr 
tfrom  Kililikor),  •,*-.     Tli"  lijpiiu  in  lukiju  from  >  itsij  »uti:tSBfiil  inj«- 
tion  of  Hie  hnpatin  voiney  nioiln  t>y  Hurting :  It  «hu««  Doirly  the  wlw1« 
of  two  lobule*,  ui'l  pnitf  of  thc«o  otbers ;  ji,  [lorla]  bmnchu  running  iaj 
tbaintcrtAhuJarapuciui;  A,  bvpolic  vpinspunctrBtliigmulnLdiatuigf 
th«  ctintro  of  tliu  ]u1>ut(v<. 
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The  illuHtrutious  b»low  will  flhow  tbe  ooD^ictiiig  theories 
at  ti  glaacff. 

Pit-  90." 
I  2 


*  Rg.  go.  Diagmna  dunring  tiu  ■imiKmiciit  afthe  ndlclos  of  tho 
twpatlc  duct,  MMrdlag  l«  dlAmnt  ohMncn. 

t,  r^,  d,  (M  tw*  bnuK^w  or  thu  htfnllc  (Ipct,  which  h  Mppotn) 
to  eomiuciiM  in  a  )>lrxus  aituHtvl  lunnU  Die  dn:uiiiGpnnic«  of  tha 
Icrbut*  marki'il  i.  i,  callnl  b;  Eiorunu  tli«  tiiliiiiy  |>1<^iu;i.  Witliiii  tliii 
b  Men  lb*  «eiitriil  yaxi  at  tUe  lobul«,  cuuUiniiig  btiiucbu  of  Uic  iniro- 
lolinW  Trill. 

a.  A  tniall  fn^vul  u(  hu  liopotie  lobnl*,  oT  vliich  lh«  (manett 
btarMllvUr  biliuiy  iIulau  wi-ra  ftllgit  witb  coluuriu);  luiltoi  dadag 
Hfe^  bigli]]t  iiiii^iifi(>it  (from  CltrtonaJOWWskf ). 

3.  View  of  aomu  of  tho  nmillnri,  biiiory  ilui'ts  illiislrsting  B«]c'( 
vJBW «l  their  rrUtioD  to  tho  hiliBrycoUitrnjuiKoUikoiBftcrBwOc),  ^, 

Ths  dnialiig  \»  tok«u  tniu  im  Lnjectml  i>n]|iantiuu  of  the  pig**  liver ; 
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functiona  of  tin  Liver. 

Hie  SeeretioK  of  BiU  is  (he  moat  obrloos,  and  one  of 
the  cliivf  fuDctions  which  the  lircr  hn.i  ti>  [ii'ri'orm ;  but,  •• 
will  be  pneentl;  aliown,  it  is  not  the  tmlyono  ;  for  import- 
ant cJungM  am  ofEectcd  in  <«rtaiu  conatituenla  of  the 
blood  ID  its  transit  tlirough  this  glnnd,  whorohv  they  ttn 
nmdered  more  fit  fur  iLuIr  subsfHiuent  purposes  in  Uifi  ani- 
mal ectfiioiuf . 

The  Bile. 

ComprMitiott  of  Ikt  IMU. — The  liilo  is  ii  somewhat  viaeid 
6aid,  of  a  j'«Uow  or  gro(>niBh-yellaw  colour,  ■  etnngly 
bitt«r  UuiUt,  nnd  wlicn  froch  with  n  soarcelj  percepttUe 
odour;  it  hns  a  n«utri\l  or  slightly  alkalino  reaction,  and 
its  epeciBc  gravity  Is  about  10:20.  Its  colour  and  degree 
of  coiisititvaco  vniy  much,  apptiruntly  iiidejieiulvnt  of 
disi'nsn  ;  but,  as  a  rule,  it  becomes  i^iulunlly  more  dccplj 
coloured  and  tliioktir  us  it  advances  along  its  ducts,  or 
when  it  ntmiiins  long  in  tho  gult-hluddur,  trburein,  at 
Um  same  time,  it  becomes  more  viscid  nnd  rojiv,  »f  n 
darker  colour,  oui  moro  biU«r  tast«,  mainly  from  its 
graater  di^^reo  of  ooDnmtratioii,  on  account  of  parliul 
uhs(iq>tion  of  its  water,  but  partly  also  f^om  being  mixod 
with  mucus. 

The  fvltonring  analysis  is  by  Frcriclut  :— 


Coinpotitioit  of  Human  BiU. 


Wntw 
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1,0000 


0,  Kinull  bntiHili  of  M  ioUrlubul'U'  hv[«ti-:  duct ;  ht  nniitleiil  Ulisiy 
diu'U ;  r,  ]Kirli'>iu  uf  tSiv  i-t'thi1ai  part  uf  the  tobulo  ia  which  th<  eells 
■rr  vcu  witliin  luliu  nUich  coiniiiunicatc  villi  the  liaMt  duets. 
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Frt 9-2 

Clial«aterili 34 

Macni  and  colouniyt  miUMn    .  tg-i 

a^u n 

140-8 

Tha  J3(7ii«  nr  biliary  matter  when  freed  b^  ether  from  ths 
fat  vitli  wliich  it  iit  <^ii]nliinod,  in  n  itMtiiKiicl  *ub«bui(«,  koIu* 
bio  in  nratw,  alcohol,  and  &lbaline  soliitions,  and  g:tving  to 
the  watery  solution  tli«  taat«  and  i^ienil  character  of  ttle. 
It  is  n  compoiinil  nf  inda,  irith  two  luHinoua  acidii,  Damod 
gifvocholic  and  taurocholic  acids.  Th«  former  consistB  of 
dioUo  add  eonjugalMl  with  glyL-ia  (or  sugar  of  gelatin),  iba 
Utt«r  of  tho  same  acid  conjugnind  with  tiitiriri. 

fo/ry  tvlalaitMt  are  found  in  rariabld  proportions.  Lie* 
aide*  tli«  ordtnitry  sHponiGuhlo  liil»,  th«re  is  a  small  quantity 
of  <-hi>lMtorin  (p.  1 1),  which,  witli  Ihu  other  fniii  futit,  is 
probably  held  in  solution  by  the  tauro-cholate  of  soda. 

A  pcctiliiir  wibatnncB,  wlii«h  Dr.  Flint  has  disi^vered  in 
the  &eccuv  and  namod  slfreorin  (p.  342),  U  ulowJy  alliod 
t4>  choleslerin ;    and  Dr.  Flint  Fiy.  i>f.' 

'be]\i>ves  that  while  one  great 
fkuictioa  of  the  liver  is  to  ei- 
ci9t«  cbol«fcterin  fi'om  the 
blood,  an  tlio  kidney  <'xcretcH 
nroa,  tho  etorrorin  of  i'lrtcm 
is  the  modified  form  in  which 
cholestcriu  finally  leaves  the 
body.  Ten  grains  aud  a  half 
of  Htercorin,  ho  reckons,  nre 
«XCT6t«d  daily. 

Tho  Ciilnuring  matter  of  tlie  hilu  liiis  nut  yet  betn  ohuuued 
pure,  owing  to  tho  fncilil}'  nith  which  it  is  d«ooin])oiiod. 
It  occasionally  depoMts  itself  iu  the  gnll-bUdder  as  a  yet- 


Fig.  yl.     Ci)'>IalliaoiiaIcser<:liaK'Httriu. 


li 
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lov.'  sul>§lflnco  mixed  nith  mucus,  and  in  tbiit  slate  Itat 
been  frrxjuently  oxiuniiits!.  It  ia  cnmpotod  of  two  colour- 
ing matters,  cttllcil  htUvtrdin  and  hili/idvin.  Jiy  oxidising; 
BgenciM,  as  ox[iuintm  to  ttii,'  nir,  or  tho  addition  of  nitric 
acid,  it  assumes  a  darlf  f^en  colour.  In  cases  of  biliar)^ 
olislruetioD,  it  ia  often  re-alisurbed,  ctroulatea  w-Jth  the  blood, 
and  giro*  to  tJiv  tiiwuos  tha  y allow  tint  charactmistio  of 
jaundice. 

There  soeros  to  be  somo  relationship  between  tlia  colour' 
mattorn  of  t!ip  blond  and  biln,  and,  it  maj  bo  addvd,  bo> 
tween  these  and  ibat  of  tho  urine  also,  so  that  it  is  poaaible 
tlu!y  luaj'  be,  idl  of  tliem,  varlotiee  of  tlio  sumn  pigmnnt,  or 
derived  from  the  ennio  sounn.  Nothing,  Iiowever,  is  at 
present  certaiuly  known  re;:arding  the  relation  iu  which 
one  of  tb<an  elaitds  to  tlio  other. 

The  mucus  in  bile  is  derirod  chiefly  from  the  mucoua 
inmubruuu  of  iho  (;all-1>tatldcr,  but  in  jiart  abia  (mm  tho 
hepatiL'  duels  and  Iboir  brancbo-s.  It  conttihites  tho  residue 
after  bile  ia  treated  with  alcohol.  The  epitlicliuin  with 
whidi  it  i«  mixod  nuiy  he  duttH-tiHl  in  tJio  biln  with  th9 
microeoopo  in  tbo  form  of  cylindrical  cells,  either  scatteivd 
or  still  bald  together  iu  layers.  To  tlio  preacnoo  of  thia 
mncue  is  probiibly  to  bo  ascribed  the  rapid  decompositioii 
nndergone  by  the  bilin  ;  for,  aciording  to  Beraeliun,  if  the 
mucus  ho  separated,  bite  will  runuuu  uiuJiau^d  for  manj 
daj-8. 

Tho  laline  or  inoT$anie  conttilaents  of  the  bile  are  similar 
to  tlioae  foiuid  in  most  other  tuKTetcd  fluids.  It  is  possible 
that  tha  cnrbonnlo  and  neutral  phuKpbate  of  sodium  and 
potassium,  found  in  the  aslies  of  bile,  are  formed  in  tlio 
indueratioii,  uud  do  not  exixt  aa  such  in  the  fluid.  Oxide 
of  iron  ia  said  to  bo  a  common  cnnslituent  of  the  ashea  of 
bile,  and  copper  is  generally  found  in  healthy  bile,  and 
constantly  in  biliaiy  calculi. 


Such  are  tho  priuoipal  chc-mlcid  coustltaenta  of  bllo ;  but 
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^^^>)il$iSolngT  >*•  p<n^p*,  bettor  illustrotnd  bj  Hm  ulliin«t« 
^B  (^Icmentar}'  compoeitioa.  According  to  Li^big*s  ftnalyci*, 
^^  the  1>iluu3'  mttttw, — coiiaUliiig  of  Lilio  and  tlie  products  of 
I  it4  spontjuwoiu  docompOKition — ^yicldi",  on  onuljniit,  7^  atoms 
^ft  of  oarboD,  66  of  b^oj^en,  22  of  oxygen,  2  of  nitrognn, 
^^  and  noi-rtaia  qniuattty  of  aulpbur.*     Cuiu^iariof;  lliis  with 

itlio  ultimate  compnsjtion  of  tlio  orgniiic  pnrtN  uf  liiood 
tchich  may  be  Btst«d  at  C,,II,aN„0, ,  vrith  sulphur  and 
jibo^IiDrua — it  is  «viili^Qt  that  bile  cootaiiui  tt  large  pre- 
pondnance  of  carbon  aud  faydrog«D,  and  a  dt^fidiMKiy  of 
nitrogen.  Th«  import  of  this  will  preaeoU;  appear. 
TKim  roB  BiLs. — A  common  test  for  tho  proaenoe  of 
bila  coDsieU  of  tho  addition  of  it  small  quantity  of  nitrio 
acid,  v-ticu,  if  bilo  be  pretont.  a  play  of  ccdours  i*  produced, 
begimuQg  vitb  green  and  passing  through  various  tints 
I  to  rod.  Tliia  tiMt  will  detect  only  tho  colouring  malUr  of 
tlie  bile. 

The  beat  test  for  the  hUin  ia  Pettenkofer's,  To  tlie  liquid 
Buftpoctcd  to  (^oiituin  bill*  ciunt  lio  added,  first,  a  drop  or  two 
of  a  Blrong  solution  of  cane-sugar  (one  part  of  augar  to 
four  pBiiH  of  water),  and  ImniMUntcly  ufttinrardi  Mutjihurie 
acid,  to  Die  extent  of  about  two-thirda  of  the  liquid.     On 

I  first  wldiog  tUe  acid,  a  whitish  prwipitate  falls ;  but  this 
rt)dix9olv««  with  a  slight  excos*  of  the  acid,  oud  on  the 
furthar  addition  of  tho  latter  tbcro  np[K>iirK  a  hrigJit  chcrry- 
nd  colour,  gradually  changing  through  a  lake  tint,  to  a  dark 
imrplfi. 
The  process  of  tfcrtting  biU  ia  probably  continually  going 
on,  but  appears  to  be  retarded  during  fasting,  and  accele- 
rated on  taking  food.     This  was  shown  by  Blondlot  who, 


*  Thff  RitphnT  in  coinli[nitd  with  tho  Unria— ons  «(  tb«  oibitBiioa* 
jieMnl  l>y  the  •Ji'cr>iii)<(»>iti(>o  of  l>llin.  According  la  Th.  Kemp,  1I10 
lulpbur  in  tliv  I'ilt'  ot  llio  vi,  ilrird  uod  fr««4  from  maciM,  colonring 
iiiutlcr,  uid  ulti,  couitiluUfe  nboul  3  prr  vtiA. 
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tmvin^  tin]  the  common  bU»-duct  of  a  Aog,  and  established 
n  ti«tuloiu  opming  Ifotwi^tm  tlic  diin  nml  gnU-bliuMor, 
wherebv  till  ibe  bile  sccioted  wns  discharged  at  the  surface, 
notici^d  (luit  wlit'n  the  uuJQial  waa  foMiu^,  sonietimes  not 
n  drop  of  bilo  wiw  diwliiirgt-d  for  iw^-ornl  hours;  but 
that,  in  about  ten  minutes  after  Ihe  introduction  of  food 
into  th«  Ktiymuch,  tliu  bilu  bv(,'ftn  to  ftuw  ubuiidautly,  and 
rontinued  to  do  eo  during  tho  vholo  |K<riod  of  digMtioo. 
Bidder  and  Sclimidl'a  obscrvattonB  are  <jut(e  in  accordunce 
with  thin. 

The  bile  is  probably  formed  first  in  tbo  hepatic  oells ; 
tlien,  being  discharged  into  the  minute  licpiitiit  duvts,  it 
passM  into  the  largivr  triuilcs,  and  frnm  tho  main  hopntic 
duct  may  be  cam««]  at  once  into  the  duodenoiD.  But, 
probably,  Ifaio  hnjipona  only  while  digeation  is  going  on  ; 
during  fasiiDg  it  flows  from  the  common  bile-duct  into 
tlie  cystic  duct,  aud  thence  into  the  gall-bladder,  wh^re  it 
aci^umiiUtfS  till,  ia  the  nuxt  jxTiod  of  digirNtinn,  it  is  dis- 
charged Into  the  intestine.  Ttie  gall-bladder  thus  lUlfiLt 
what  ajipear*  to  be  its  chief  or  only  office,  that  of  •  rrser- 
roir  ;  for  its  presence  euabltw  bile  to  b<!  constantly  eecreled 
far  the  purification  of  the  blood,  yet  icaurea  tlial  it  sliall  nil 
be  eiiijili^ed  in  the  serviue  of  digestion,  nltlioiigh  digestion 
is  periodic,  and  the  secr«tion  of  bilo  constant. 

Tim  njer-hiuiisui  by  which  the  bile  piiases  into  the  gsU- 
Idnddor  is  simple.  Ttie  orifice  through  which  tlie  common 
bile-duct  communicates  with  tlio  duodenum  is  nairoiver 
than  tlie  duct,  and  apiHjars  to  be  duBed,  cxctipt  when  there 
is  miJBciont  pressure  hehind  to  force  tho  hile  through  it. 
Tlie  pressure  exercised  upon  the  bile  secreted  during  the 
interrala  of  digestion  appears  iusufliciftut  to  overcome  the 
fori'tt  with  wliich  the  orifice  uf  the  dui-t  ir;  closed ;  and  tho 
bile  in  tho  common  duct,  linding  no  exit  lu  the  intestine, 
traverses  the  cystic  duct,  and  so  passes  into  the  gull- hi  adder, 
being  probably  aided  in  this  retrograde  course  by  the  i>eri- 
jstaltic  Action  of  the  ducts.     The  bile  ia  discharged  irom  the 


THE  BILK:  MBCONICM. 


J2; 


gaU-blnddftT,  anil  nntora  tlui  duocUnnm  on  tlie  inttoductioii 
of  food  into  the  email  iotestine:  beiilfj;  ptaiied  on  l^  the 
coDtiactiujt  of  Uie  ttnabt  of  llie  ^1-bUddcr,  nad  pmbnbly  of 
tho  cAiDini^D  bU«-dtict  also ;  for  both  these  orgaoa  contain 
orgSDic  nuiBtular  flbre-eells.  TU(*ir  <^iiitriii:tion  in  nccitod 
bir  tliL*  ftliitiuluH  of  till!  forid  in  tlin  dumU'oiim  noting  so  as  to 
jirodiuw  n  reflex  moTemcnt,  tho  foroo  of  which  is  autBdent 
to  ojioD  ih«  onfice  of  the  common  bile-duct. 

VoHouH  estimates  have  bveu  made  of  tho  quauliti/  of  bile 
diaclinrgix)  in  tbu  intestines  in  twenly-four  houra  :  the 
quantity  doubtle§a  varjiog,  like  tliat  of  the  gastrit!  tlititi,  in 
proportion  to  thn  itraciuiit  of  food  tnlcnn.  A  fnir  nveroge 
of  several  rompututiona  would  give  thirty  to  forty  ounoes  aa 
the  quauliiy  daily  ttucivlvd  by  man. 

Thn  jiurpntrt  nrred  hy  thti  iterttiotx  <ij  hiU  may  be  con- 
sidered to  be  of  two  principal  kinds,  vii,,  fjrermiwtitioia  and 

As  an  exrrementitious  substance,  the  bite  serres  espm- 
ally  as  a  niediiiin  for  the  sopuration  of  exoeaa  of  Oirboii  and 
hydrogi^  from  the  blood ;  nnd  its  adaptation  to  this  pur- 
jiOM  ta  well  illustrated  by  the  peculiarities  attending;  Ita 
siH-n>tton  and  diiiponal  iu  the  fivtus.  During  intra>uterin« 
life,  the  lungs  nod  the  intmtinal  canal  are  almost  inactiTO; 
fbero  is  no  respiration  of  open  air  or  digestion  of  food ; 
these  are  unnocowary,  bowiw"  of  the  supply  of  woll-rJabo- 
nitivl  nutriuient  received  by  the  vessels  of  the  futus  at  the 
placenta,  'flio  Uvor,  duritig  the  name  time,  is  prO])artioinal]y 
larger  than  it  is  aflst  birth,  and  tho  secretion  of  bile  \a 
artivo,  nhliough  there  ia  no  food  in  the  intsatinal  canal  ui>on 
whieh  it  tan  exercise  any  digestive  property.  At  birth,  the 
intmtinnl  cnntO  in  full  of  thit  k  bilu,  niixiNl  with  intestinal 
tion;  for  tho  mcconinwi,  or  ffi^-rs  of  tlio  fmtii*,  are 
«1iowii  by  the  analyses  of  Simon  and  of  Krerichs  to  contain 
all  the  cisseutiul  priucipluM  of  bile. 
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Cinn[>Mition  cirHoconlam  (Frvricht) : 

BOitry  miu 

Commou  tai  and  uliolisl«riii 
Epitbdisra,  mueuiv  pignnul,  id<1  mll» 


■S* 
'54 

too* 


In  the  ffrtiis,  tficTpfoTft,  Uio  main  piirpose  of  the  secretion 
of  bile  must  ba  the  purifioatioo  of  tho  bl'wJ  by  dirwt 
oxcTotioii,  if.,  by  ■(iparation  from  the  blood,  ond  cjovtioa 
from  the  body  without  furth«r  chuiigo.  Probably  all  the 
bile  wx:THt(!il  ia  fa-tal  life  in  incorporated  in  tho  m^Kxmiiini, 
and  witli  it  dist^hargei],  and  tliua  thti  liver  inny  Iw  wild  to 
discharge  a  i^mction  in  Bomo  sense  vicarious  of  tlint  of  Uio 
liiu^.  For,  iu  the  foilus,  nearly  all  tho  blood  ooming  from 
the  ]ihtcoDta  pussos  through  tli»  livtT,  previous  lo  ita  dia- 
Uibution  to  the  Eevern]  orguns  of  the  body;  (tod  tJio 
ab«rtruction  of  carbon,  hydm^i,  aiid  other  uli;miMilii  of  hilo 
will  ptiriiy  it,  as  in  extra- uterine  life  it  is  purified  by  the 
separation  of  carbonic  acid  and  watvr  at  the  lungs. 

Tho  evident  diKpoKal  of  the  futbd  bile  by  excretion,  nuikeB 
it  highly  probable  that  the  bile  in  eztra-uterine  life  ia 
alfo,  at  least  iu  part,  destiued  to  b«  dlKluirgCMl  an 
escrementitioue.  But  the  analysis  of  the  fiecee  of  both 
children  and  adults  shows  that  (except  when  rapidly  dia- 
cliarged  iu  purgation)  Iht'y  coutuin  ti-tj'  litlle  of  the  bile 
eecreted,  probably  not  tnoro  tlinn  one-siiteenth  part  of  ita 

ight,  and  that  this  portion  includen  only  its  colouring, 
and  HOme  of  its  fatty  mutters,  liut  nono  of  its  ecsenlial 
principle,  tho  bllin.  All  ttie  bilin  is  again  absorbed  from 
the  intestines  into  the  blood.  But  the  cloint^ntnry  compo- 
aition  of  bilin  (see  p.  335)  shoirs  such  a  preponderance  of 
carbon  and  hydrogen,  thut  it  cannot  be  appropriftted  to 
the  nutrition  of  the  tissues ;  tlierefore,  it  may  bo  presumed 
that  after  abtiurjition,  the  ciirbon  and  hydrogen  of  the 
bilin  combining  with  oxygen,  are  excreted  uh  I'arbonic 
acid  and  water.     The  destination  of  tho  bile  is,  on  this 
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%||IM^';ilMntinll7  Iho  Mimo  in  botJi  footal  rod  oxItii- 
utariiw  lifb  J  only,  in  the  former,  it  is  dirrtlly  excreted,  In 
the  latter  for  th<^  moiit  piirt  tndirrclly,  tiviiig,  liofuie  final 
^cetion,  mtxtified  in  its  absorption  from  tho  iatoatinw,  uul 
mingled  wiih  l)io  blood. 

Hie  cluui^  Irom  tlio  direct  to  tbo  ioilirect  mode  of 
excretion  of  the  bile  mtty,  with  much  probnbililj,  bo  <»n> 
uected  vith  a  purpow  iu  rolation  to  the  development  of 
heat.  Tlie  toTDpOTaturo  of  the  f(■^flu■  in  inaiutaiued  \iy  tliat 
of  tho  parent,  and  needs  no  eourm  of  hont  within  the 
body  of  Jbe  fwtus  iladf;  but,  in  extra-uterine  life,  there  ia 
(aa  otio  may  mit)  a  waste  of  matenal  for  beat  wlieu  any 
axiTTntion  is  di§d)ftr|>ed  iu)oxiili««l !  llie  farhon  and  hydro- 
gen of  the  bilin,  Ihcrcforo,  tnateod  of  being  ejecl«d  in  the 
Qaeos,  are  ro-nbsorbed.  in  ord«r  that  llu-y  may  be  com- 
bined villi  nxygou,  and  that  in  the  combination,  heat  may 
be  gtaicTitlod. 

From  the  peculiar  mannor  in  which  the  liver  is  supplied 
vtlh  miK'Ji  of  thi-  blood  that  flows  through  it,  it  is  prohablv, 
as  Dr.  lludd  tuggtmtm,  tliat  tlii«  organ  is  excrotory,  not 
only  for  suoh  hydro-carbonaceous  matters  as  may  need 
expuloion  from  any  portion  of  the  blood,  but  that  it  xcrvee 
lor  the  direct  purilicjilion  of  tho  strMun  which,  arriving  by 
the  portal  rein,  has  just  gatliered  up  various  subsituu^:* 
in  ita  c-oiirxo  through  tlie  dignilive  organit — Mibstanoes 
which  may  need  to  be  expelled,  almost  immediately  after 
their  absorption.  For  it  is  cosily  concciTable  that  many 
tiling*  tatiy  be  talccn  up  during  digention,  which  not  on^ 
are  unlit  for  puqwaes  of  nutrition,  but  which  would  be 
positively  injurious  if  allowed  to  mingle  with  the  general 
ma«a  of  tho  blood.  The  liver,  therefoK*,  may  be  supixiaed 
placed  in  the  only  road  by  which  such  mutters  cau  paae 
into  the  general  current,  jealously  to  guard  iigainnt  their 
ftuthor  progrn«»,  and  turn  them  bock  again  into  an 
excretory  cliannel.  Tiie  frerjuency  with  whii^h  inet«llic 
poisons  arv  cither  cxtreti-d  by  the  liver  or  intercepted  and 
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retained,  oflen  for  s  «maiderable  time,  in  !U  ovn  substance, 
innj'  lid  addumd  aa  eridfinci!  for  tlio  pmbnUc  truth  of  this 

HUplKinitioO. 

Tiiough  one  chief  purpose  of  the  secretion  of  bile  may 
thus  appittr  to  lH^  tho  piirifioation  of  tlic  lilood  hy  uHimaMi 
flxcrsHoD,  y«t  there  ara  many  reasons  for  believing  tliat, 
while  it  is  in  the  inteetiucs,  it  jvcTfunnN  an  impciriaiit  jKtrt  ia 
lh«  prowMi  of  digestion.  In  nearly  all  anim&U,  for  example, 
ibe  biio  is  dischai^;ed,  not  tlirough  an  ttxcretorj-  duct 
coinmunioating  with  tlvt^  extcrnnl  eurfnco  or  with  a  niiinplo 
nssrroir,  iu>  lanst  srrretions  itre.  but  la  made  to  ])aas  into 
the  intestinal  canal,  so  ae  U>  }>o  iiiiufflvd  witli  tb«  uliyme 
diret^t!}'  after  it  leaveo  t!ie  M/nnarh ;  an  arrangoment,  th« 
oonslanpy  of  whiih  dearly  indicates  that  the  bile  has  some 
important  relations  to  tJie  food  w ilh nhicli  it  is  tliuit  mixed. 
A  siraihir  indicfttion  is  furiiislied  alm>  by  tho  fart  that  tho 
secretion  of  bilo  is  most  activo,  and  the  quantity  diwharged 
into  (he  iutoslines  miicli  greater,  during  digrstion  than  at 
any  other  lime ;  although,  M-ithout  doubt,  this  activi^  > 
seoretion  during  digestion  may.  however,  be  in  pa 
■WirihiH)  to  the  fact  that  a  greater  quantity  of  blood  is  sent' 
through  the  portal  voin  to  tli«  liver  at  thitt  time,  and  that 
thtft  blood  contains  some  of  the  nmtOTials  of  tbe  food 
absorbed  from  tho  ntaniach  unil  ititeHtiiit-s,  whii-h  may  hmmI 
to  be  excreted,  either  tomporarily,  to  bo  ro-abeorbed,  or 
permanrntly. 

Respocting  the  functions  discharged  by  the  bil«  ia 
digt!Sliou,  there  is  little  doubt  tliat  it  nMisIs  in  nmiiUifyic 
tho  fiitly  portions  of  the  food,  and  thus  rendering  theu 
capable  of  boing  absorbed  by  tb«  lutTtiiuls.  l-'or  it  has 
BppMTfid  in  BOiae  experiments  iu  which  tho  crimmon  bile- 
duct  wttB  tied,  that  oltbuugli  the  process  of  digestion  in  tho 
stomaih  was  unaJrected,  cliyle  was  no  longer  well-formed  ; 
iho  totilents  of  the  lacteala  consisting  of  cl«iir,  colon 
fluid,  iniFlcud  of  being  opaque  and  white,  as  they  or 
are,  aiter  feeding.     (2.)  It  Ls  probable,  ahw,  from  tlie  ra- 
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suit  of  some  experimenU  I17  WutiiiRliauseD  bii(I  noffmann, 
that  tti«  moistiouii^  uf  tlie  laimtiut  ni<Tni>iriiiii!  nf  Ifae  in- 
twtidM  hj  lulo  mitjr  facilitate  abaor|itioD  of  fnttv  iniitters 
thrmtgh  it. 

(3.)  Th«  bilo,  Uh@  the  gastric  fluid,  luu  a  atroogly 
antiiH>ptic  power,  aiid  rofty  Er<rv«  to  proTont  tho  dri-ompo- 
sition  of  food  during  tho  time  of  its  sojourn  in  tka  iiit«»> 
tinee.  Th«  esperimeDta  of  TiedemaoD  aud  GnieHa  show 
that  tli<!  cont*:Dta  of  ttiQ  intostiniMi  aro  niur}i  mom  fii<tid 
after  tke  common  bile-duot  has  been  tied  than  at  other 
timea;  and  the  cx)ieriuieriU  of  Itidder  and  Schmidt  on 
onimnls  with  nn  artificial  bilini;  fiBtnln,  confirm  tki*  oh- 
Berrution ;  moreorer,  it  ia  found  that  ihe  mixture  of  bile 
wil}i  a  fermenting  Buid  alojiH  or  spoils  the  prucvtw  of  tvt- 
mentalion. 

(4.)  The  bile  haa  alao  been  considered  lo  act  as  a  kind 
of  nntumi  jinrjcativi,-,  Iiy  promoting*  an  incrcawd  serretion 
of  the  ini«urtinal  glands,  and  bv  stimulating  the  intestinea 
1(1  th<i  [iropuLiinn  iif  thitir  <Kintcnta.  Thi«  rii-w  nwt'ires 
support  from  the  constipation  which  ordinarily  exists  in 
jaundice,  from  the  diurrlKfia  which  iK^^iinjuuiitis  exi^<-s»ivo 
scomtion  of  bile,  and  from  the  purgative  properties  of  ox- 

gall. 

Nothing  is  knoim  with  cnrtninty  respecting  tho  cbftDgos 
which  the  Te-absorbed  portions  of  tlie  bile  undergo,  either 
in  the  iuteatinea  or  in  the  absorbent  veaaeb.  That  they 
am  much  changi'd  appears  from  tlio  impossibilitr  of  de- 
tecting them  in  the  blood ;  and  that  part  of  t]ila  change 
la  eifii-'tt'd  in  the  Uver  ia  probable  from  an  «xjM?riiuent 
of  Mngtmilie.  who  found  tliat  wlioo  he  injected  bUe 
into  tho  portal  vein  a  dog  was  unharmed,  but  \ras 
Icilhid  whoa  hu  iriJM!te<l  tho  bilu  into  tmo  of  the  systemic 
vessels. 

The  secretion  of  bile,  as  already  observed,  is  only  one 
of  tho  piirpnxnit  fulfilled  by  the  liver.  Anotlicr  rory  im- 
pi»taDt  function  appears  to  bo  that  of  so   acting  upon 
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certnia  constitufrtite  of  tfae  blood  paftaing  tbrougit  it,  *9  to 
reudvr  aoine  of  tiiein   citptiblu   of  wisiinilntion  with  tLfl 
blood    g«DcrttUjr,   nnd    to    prepare  othore  for  b^itig  dulj 
filiminatod  in  the  proceaa  of  respiratimi.     From  the  liil>our»| 
of  M.  Boruurt),  to  wlioin  vo  oirc  rnost  of  wbat  wo  koov 
on  thi»  subject,  it  appears  tbat  the  low  form  of  albuminotu  j 
matter,    or    albuiniaom),    conT<n'i!d   from    tlii:    nlimcntni 
cannl  by  the  blooil  of  the   portal  vGin,  requires  to  be  Bub- 
mttted  to  the  iullueiice  of  the  lircr  b<ifor«i  it  can  be  nam' 
inilat«d  by  Uio  bltrnd ;  for  if  inich  nlbuminoii*  matt^tr  is 
iiijiwtod  into  tbo  jugular  vein,  it  speedUj  appean  la  tbaJ 
urine  i  but  if  iiitrudiii«d  iuto  llio  portnl  \ain,  aud  ihufl' 
allQn«d  to  trnrnrmi  tho  Ur«r,  it  is  no  longfir  pjcct«d  as  a 
foreign  subetanoe,  but  ia  probably  incorporated  Tith  th« 
albumiDous  ftai  ef  the  blood. 

An  im^HirtARt  influence  ecome  also  to  bo  excrtml  hy  tb»l 
liver  upon  the  flai«har>ae  matler§  derived  from  ihe  alimen- 
tury  <'n]ial.  The  <Jiiof  purpoio  of  the  viurc^hiiriiiii  and 
amylawoua  principles  of  food  is,  probably,  in  relation  to 
rupiration  oud  t)i<!  prodit<:(ion  of  animal  lii>at ;  but  io 
order  that  they  may  fiillil  thie,  iheir  main  of!iee,  it  eeoin«| 
toboeesential  thut  tb«y  aboiild  undergo  tuinie  intermediate 
change,  which  is  i-fiW'tcd  iii  (lie  livrr,  and  nhJch  consitita 
in  their  couvereion  into  a  peculiar  form  of  enccharino 
matter,  v*ry  siiinilar  to  glucow,  or  diabt-lic  auf^ar.  That 
such  iniluewe  is  exerted  by  tlie  liver  eeems  provt^d  I)y  tlie 
fact  that  when  cane  §u|>ar  ia  injected  into  the  jugular  roia 
it  i*  npi^dily  thrown  out  of  the  sytttein,  and  ap[ieani  in  the 
urine ;  but  when  injected  into  the  ]>ortul  rinn,  mid  thti4 
enabled  to  traverse  the  Urer,  it  ceases  to  be  excreted  at  thi 
kidneys;  and,  what  in  Ktill  moro  to  the  jioint,  a  very  large 
quantity  of  glucose  may  be  injected  into  the  vcnoii»  Kystom 
without  any  Irinv  of  it  appearing  lu  the  urine.  So  that  it 
may  be  concluded,  that  tho  aicchariiie  priiiciplrji  of  tlia 
food  uudtirgo,  in  their  passage  tbrougb  tbo  liver,  some 
tzansformntioD  oeceaary  to  tlie  subs<!']iieut  pur^ioMi  they 
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hftTfl  to  fuI6l  in  Mlntion  to  tho  roxpirntory  proceaa,  and 
witliool  which,  such  puipoae  prob&bly  rould  not  bo  pm- 
porty  dccnmpliiluMl,  and  tba  eubAtauced  t)i«niMilvoi  would 
be  elirainnted  u  fom^  in«tt«n  b]r  tho  kklneys. 

Then.  a|?iun,  it  WM  discorered  by  liermtrd,  aiid  tli« 
diiwoviM^-  luui  been  amply  confirmed,  thut  llui  livor  po«- 
Boswa  tbo  ramnrlcnblo  piropcrty  of  iWmiii^  g'luicoso  or  grape- 
■agar  (C,H,,0,),  opa  eulwtaaee  readily  convertiUn  iuto 
•Dgnr,  OTBD  out  of  priiid|i]e8  in  th«  blood  wtiicli  i-oDtiiin  no 
trac«  of  Mmjuinn«  or  omyloocoos  mottnr.  Id  llcrbivorK 
and  in  animalB  living  on  mixed  di«4,  a  large  part  of  tho 
siignr  is  dorind  tuna  the  oaodiarine  and  amylnceoua 
principles  introiIuctKl  in  tlioir  foml.  Itut  in  aniniola  fed 
exclusively  ou  lleeh,  and  deprived  tlieiefore  of  tbiH  •ouiwe 
of  fliignr,  tlio  liver  funualiea  the  loeaua  whereby  it  may  be 
obtained.  Not  only  in  dimivom,  huwovpr,  but  appanrutly 
in  all  classes  of  aniniaJs,  the  Uvcr  is  conlioually  eugngnd, 
during  boolth,  in  formii^  sugar,  or  a  substance  closely 
alli^  to  it.  in  large  amount,  lliis  substance  may  nlniiys 
be  found  in  the  liver,  even  when  absent  Irom  all  other  ports 
of  the  body. 

To  demonstrate  tho  presence  of  sugar  in  the  livn-,  a  por- 
tion of  this  organ,  after  being  cut  into  nniill  piwe*.  is 
bruised  in  a  mortar  to  a  pilp  with  a  small  quantity  of 
waller,  aud  the  pulp  is  boiled  with  sulphate  of  soda  in  order 
to  preripiuite  tdbuntinouH  and  coluuring  mnltnnt.  The  dfr 
uoctiou  is  then  filtered  and  may  be  t«etod  for  glucose.  Tho 
most  timud  tiiHt  in  Tiommer's.  To  the  iittvnMl  vntiitioD  oa 
equal  quantity  of  liquor  [wtiisMv  is  addcl,  with  a  few  drops 
of  a  solution  of  sulphate  of  copper.  The  mixture  is  then 
boiled,  when  tlie  proiieoM  of  su^r  is  indicated  by  a  reddiahr 
brown  prm^ipitutu  »f  tlio  snilioxidc  of  ci>p|iDr. 

The  itseaiches  of  Bernard  and  others,  however,  have 
shown  that  the  sagar  b  not  formed  at  once  at  tlui  lirer, 
but  that  this  organ  has  tlio  powor  of  producing  a  peculiar 
auhstoDce  alUed  to  starch,  which  is  readily  convertible  into 
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glucoee  when  in  oootnct  with  aay  animal  ferment.  This 
itiiKttatii^i!  lias  received  th«  (lUTiitnit  namM  of  glj-cogvn, 
glycogonic  eubstanc«,  nninwl  starch,  h^iatin, 

Glj-oogen  (*^  1 1 H  j  „  O ,  „ )  la  obtaint'd  by  taking  a  portion 
of  Uv«r  fruni  tt  ivoeiitlj'  kill»d  luiimnl,  nud,  iiflcr  oiilUng  it 
into  Hmall  pieces,  plocing  it  tor  a  eliort  time  in  boiling 
water.  It  is  then  bruised  in  a  mortar,  until  it  forma  a 
pulpjr  moM,  ojul  nubtioquently  bciitcd  in  diittillcd  walnr  for 
about  a  qtmrtfT  of  lui  hour.  'Ilio  glycogen  is  precipitat«>d 
from  the  filtered  decoction  by  tlie  addition  of  alcohol. 

^\'1icn  purified,  glj'cogeu  i«  u  whiti',  amorplioux,  starch- 
like  fiubetniioe,  odourlcsa  and  ta(it«Ies8.  soluble  in  water, 
but  insoluble  in  alcohol.  It  ia  conrerted  into  glucoM  tir 
boiling  with  dilute  acidtt,  or  by  ouiiloct  with  any  animal 
fenuont. 

There  are  two  chief  tlieoriw  oonceniiu^  tliu  imntediat« 
destination  of  gljcogtm.  (l.)  According  to  Domard  and 
moat  other  pbysiolog:iet8,  its  conversion  Into  su^ar  talcea 
place  rupiJly  during  life,  and  Uie  sugar  ia  conveyed  awaj 
by  the  blood  of  tlui  hepatic  veins  to  bo  consumed  in 
respiration  at  tho  lungs.  (2.)  Pavy  and  others  boliere  that 
the  cuuverRiou  Into  eu^ar  only  ocvurs  tiAer  death,  and  that 
during  lifo  no  stigiir  Mu-ta  in  honltliy  livprs, — the  amyloid 
Bubstiuice  or  glycogen  being  prevantod  by  some  force  trma 
iindergoiug  the  tranaformatlou.  The  chief  argiimenta 
advnnced  by  Puvy  iji  Buiiport  of  ihia  view  ore,  first,  that 
iroarcoly  a  trace  of  sugnr  is  found  in  blood  drawn  during 
life  from  the  rlRhl  ventrkle,  or  in  blood  collected  frum  tlio 
right  side  of  tho  lifiui-t  ininiecHiitplj-  niWr  nn  animal  has 
been  BUiIdenly  deprived  of  life,  while  if  tho  examinaUon  be 
dehtycd  fur  a  Utile  ti'htle  after  death,  sugar  in  abundonco 
mny  be  found  in  miuh  blood ;  secondly,  that  the  liver, 
like  the  venous  blood  in  the  heart,  ia,  at  the  moment  of 
duuth,  olniosit  coiupleltrly  Iree  froia  nugnr,  altltotigh  nftrr- 
wards  its  tIe«uo  spooiiiiy  becomes  saccharine,  unless  the 
formation  ef  sufjar  be  pn  vented  by  Inezing,  bolUug,  oc 
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other  mMma  calculatud  to  iiitnrfvrn  with  iho  udinn  nf  u 
fMioent  on  the  nmyloiit  eulietance  of  the  organ.  Instea<I 
of  adopting  Uenuud's  view,  that  sontiKUj,  during  Life. 
Klfuog«D  pnanM  «a  sugar  ioto  thfl  Itepatic  t«dou8  blood,  and 
thflwby  is  conveyed  to  the  luu^t*  to  he  furthtr  dicxxwud  ot 
Pavf  tDidinctt  to  believe  thiit  it  mny  ntiiriMwiit  im  intormeduita 
tiagtt  in  tho  fonDAtion  of  taX  from  materials  absorbed  fiom 
the  alimeatar;  cftoal. 

For  tlio  [in^'nt  wo  must  rnnnin  nncnrtnin  as  to  which 
of  (hitwi  theories  contains  most  truth  iu  it. 

\Vluil«rer  be  the  deetiiiAtioa  of  this  peculiar  amyloid 
aobat&Dce  furmiHl  ut  tho  Liver,  most  rocont  obsorven  sgroo 
that  it  is  fonucd  at,  and  exists  within,  the  hepatic  oetls, 
from  which  it  lua^  bii  oxtnuiixl  bj  the  procvM  just  dos- 
crihsul. 

Much  doubt  <^xiHt•(  iiUo  rMpei.lIng  the  m»d«  in  wluih 
^7C0g«n  is  formed  in  the  liver,  and  tlio  materials 
wbich  fnmish  its  source.  Since  its  quantity  is  increased 
after  feeding,  ospeoiaUy  on  uihstanuea  coiitaining  mitih 
sugar  or  starch,  it  is  probalJe  that  port  of  it  is  derived 
from  saccharine  principles  absoibed  from  the  digMiive 
caual ;  hut  nimv  iU  fonnntioii  cmitinuM  ovt^i  wIh'q  them 
in  no  *tarch  or  sugar  in  the  food,  the  albiimiuouB  or  fatly 
principles  alto  have  been  lliought  capable  of  fumiah- 
ing  part  i>f  it.  Nutncmus  expcrimmitji,  howiiver,  having 
proved  that  the  liver  continues  to  form  sugar  in  animals 
after  pmlongnd  stkrration,  and  during  hjrtieniation,  and 
even  after  death,  its  production  is  clearly  independent 
of  the  elements  of  food.  One  of  Bernard's  experlmenta 
may  Ln!  cpiot«d  in  pnxif  of  this  : — Having  fed  a  li(.-ulth}'  dog 
for  many  days  exclusiwlj  on  tlcsh,  he  killed  it,  removed 
the  liver  at  onoe,  and  before  the  contained  blood  coulil 
hnvo  coB^lated,  he  tlioroughly  waahi-d  out  its  ttunuo  by 
pasung  a  stream  of  cold  water  through  tho  portal  vein. 
Ho  continued  tlio  iiijiirtion  until  the  liver  was  completely 
exsanguined,  until  the  issuing  water  cuntuiuod  not  a  trute 
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of  sugar  or  albumen,  and  until  no  tngax  was  jtddod  b^ 
portioDM  of  the  organ  cut  into  alicc*  oiul  boilod  in  vator. 
llfeTing  thin  detirivnj  tiu>  liver  of  all  eaccbarine  mattar, 
li«  left  it  for  tfreDty-four  houra,  aud  on  Uien  exumintng  it, 
found  ill  if  tiMue  u  lurge  quiinli^  of  soluble  sugar,  wliich 
must  clearly  bars  been  formed  subttequentljr  tn  the  organ 
boing'  naahed,  and  out  of  some  pn:mu«Iy  insoltiblo  and 
non-socchoriuo  subitluiiuo.  Tbis  and  otber  experiiUL-ut« 
led  bim  and  «tli«n  to  tbo  condiuioo  tliat  tb«  fornutioa 
of  tbu  amyloid  eabstoncd  b]-  the  liver  ih  Uki  midt  of  a 
Idnd  of  MMirvlioii  or  <:luI>orHti»u  out  of  materiala  in  the 
■olid  liMuea  of  ibo  glund — such  eecrclioa.  hoiag  probably 
«ffocli)d  bf  tbo  bi>]mUc  cella,  in  wbicli,  indeed,  aa  already 
obeerviKl,  lh«  Ma|)«taii(«  liiui  been  detected. 

Atconling  to  this  view,  then,  the  liver  may  bo  regarded 
as  an  or^iui  migoged  in  foruiiiig  two  kinds  of  secretion, 
nanudy,  bite  and  sugar,  or  ratlier,  glj-cogen  tviidily  con- 
vertible into  migor.  Hie  former,  diieilj  excromcniitiotis, 
paasee  aloug  tbo  bilo^ucta  into  tha  inteaiinaa,  n-boro  it 
may  nibaerre  some  purposes  in  relation  to  iliK^tion,  and 
is  then  for  the  moat  part  re-abNOrbod,  and  ulliiuatvlT 
eliiniaated  during  tlie  i)rDt.'eMO*  eonoenied  in  Ibu  pnxluc- 
tioD  of  animal  heat.  The  latter,  nomuly  cugor,  being 
soluble,  S,  unlcJB  I'liry's  tiott  bo  correct,  taken  up  by  the 
blood  in  the  hepatic  Tttin,  convoyed  throogb  the  right  side 
of  the  heart  to  the  lungs,  where  it  is  inobably  oonsumed  in 
tbe  respiratory  process,  and  thus  contributes  to  the  |ito- 
duotion  of  animal  heat. 

The  formuliou  of  glycogen  or  of  sugar  is,  like  all  other 
prooeeees  in  the  living  body,  under  the  control  of  tbe 
nervous  system.  Bernard  discovered  tlint  by  pricking  the 
floor  of  tho  fourtli  vwilriclo,  tlio  quantitT  of  su^'ur  formed 
WHS  so  much  in  excees  of  the  noimal  (luantity,  ns  to  be  ex- 
creted  by  the  kidney,  and  thus  produn:  the  leading  eyn)|itan] 
of  diabetes.  Section  of  the  inferior  cervicul  ganglion  of  the 
eympalbelio  nerve  also  produces  diubulcs. 
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Tho  chnnDol  Vy  which  tlio  influcnw  of  the  nervous 
Ayatem  is  conductod  in  the  preceding  and  simiUu-  cxiiin-luiiMits 
is  not  nw^ratflly  known ;  do  tlieoty  haying  been  ptnaa* 
nently  established,  vhich  cxplnins  nil  thv  faets  hitherto 
olxtci^-ed  in  connection  iriih  the  influence  of  tha  norvoutt 
ftystem  on  tho  protluotion  of  glucoM. 


Summarjf  of  th*  Chan/ftn  vJiuh  take  jilaef  ia  the  Food  dating 
Ut  PatM^e  through  th«  SmaU  IntfUin*. 

In  Older  to  unilnmtand  the  chang«i>  in  tho  food  which 
occur  dnring  its  possagA  through  the  small  ioti-jrtini',  it 
will  he  well  to  refer  briefly  to  the  fttfkto  in  whit-h  it  leaves 
tho  stomach  through  tho  pylorus.  It  has  botin  Hoid 
before,  that  the  cMef  oflice  of  tli«  stomach  ia  not  only  to 
mix  into  an  unifomi  moKs  all  tho  Torieticit  of  food  that 
reach  it  through  the  a?eophafpis,  but  especially  to  diMolTU 
the  nitrogitwiua  portion  by  mcann  of  tlio  gastrio  juice. 
Tho  Iktty  mttttiirx,  <liiring  their  iojoiim  in  tho  stomach, 
beoomo  more  thoroughly  mingled  with  the  other  consti- 
tuents of  tlie  food  tnli^n,  but  iim  not  yet  in  a  tttnt«  fit  for 
ftbitorptinu.  T!ie  cnnvorsion  of  starch  into  sugar,  which 
began  in  the  mouth,  has  been  interfered  with,  ^though 
not  stoiijied  altdgolhisr.  Tlio  solublo  mattefs — h<Mb  those 
which  were  so  from  tho  tirst,  as  sugar  and  solinn  matter, 
those  which  hare  been  made  so  by  the  action  of  tho 
and  gastric  juice — have  bcgtin  to  dinajijiear  by  ab- 
into  tlic  biood-veGsels,  and  tlio  snmo  thing  has 
be&llen  such  fluids  as  may  have  been  swallowed, — wine, 
water,  etc. 

The  thin  pultaceous  chvmo,  theroforo,  which,  during  tlio 
whole  period  of  gastric  digestion,  is  being  constiuitly 
•quncxetl  or  utrFiiuod  through  tlie  pyloric  oriliee  into  the 
duodenum,  consists  of  albuminous  matter,  broken  down, 
diHBOlving  nnd  hidf  dUsolvocI,  fatty  mutler,  broken  down, 
but  not  dissolved  at  all,  starch  very  slowly  in  prw«*  of 
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CODTonion  into  fiugnr,  and  as  it  becomos  BOgar,  also  du- 
SolriDg  in  ihn  fluidii  iritli  wltich  it  is  mixn] ;  while  with 
theee  are  mingled  gastric  fluid,  &iid  fluid  ihnt  has  be«n 
vwidlowed,  together  \iiLh  Budi  jKitlioiia  of  Ibe  food  u 
BTe  not  digMtiblo,  uiid  will  be  ficiidly  cxpcllwl  na  p«it  of 
the  ffeces. 

Oa  the  «Qtraiico  of  tho  chyme  into  the  duodenuiD,  H  I* 
milj«oted  to  the  iuflucnco  of  tho  fluid  Aocrotod  bj  Liober- 
kilhn's  Aud  Uninn's  glaods.  before  described,  and  to  that 
of  the  bile  and  piunj'ealic  jiuc«,  which  arc  poured  into  this 
port  nf  the  inlotitine. 

Without  doii)it,  Ihnt  pul  of  dige«tion  which  it  is  ft  cfairf 
duty  of  the  email  intcetiiie  to  perform,  ia  tho  alteratioQ  of 
the  fat  in  audi  m  maimer  aa  to  mnke  it  fit  for  abaorpticn. 
And  thon>  is  no  doubt  ihnt  this  change  is  chiefly  effected 
in  the  upiiiv  putt  of  the  Einall  iutcetinn.  What  is  the 
exatt  share  of  tlie  process,  however,  allotted  roapPctiToly 
to  the  bile,  paiMTreatio  setretiott,  and  tho  secretion  of  tho 
iuteatinal  ^Inuds,  ia  still  uiu^rtnia.  It  i.i  mrwl  proltuble, 
however,  that  the  pancreatio  secretion  and  the  bile  Are 
the  main  aguuts  in  emulaifying  the  fat,  and  that  they  do 
this  by  dirwt  admisturo  with  it.  They  ulno  promolo  its 
abeorpUon  by  moisteuing  the  surface  of  the  villi  (p.  331). 

During  digestion,  in  the  staidl  intestine,  tlio  villi  become 
turgid  with  blood,  their  epitlielial  cells  become  filled,  by 
abaorption,  with  fut>gloI>ult!S,  which,  after  minute  dirision, 
transude  into  tho  granular  basis  of  the  villus,  and  thoncs 
into  the  lacteal  veaaid  in  tlia  centre,  by  which  they  are 
crinvi>yiNl  along  the  mnscntciy  to  the  lymplintic  ghiDdif, 
and  thenoe  into  the  thoracic  duot.  A  part  of  the  £Bt  is 
alw)  almorbed  by  the  blood-vessels  of  the  tnteetiiie.  The 
term  chyle  is  sometimes  applied  to  the  emulsified  content? 
of  the  intestine  after  their  adinistiire  with  the  bile  and 
pancTBatic  juice;  but  more  strictly  to  the  fluid  conliuiied  in 
tho  lacteal  veBsels  during  digestion,  which  diil'ers  from 
crdinary  lymph  contoiaod  in  the  eume  vewola  at  other  timw, 
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in  the  greatly  inoreaacd  quiinttty  of  tai  partidu 
wiiieh  hftve  been  abmirbtMl  from  tho  tmnll  intestine. 

AUfaoiigfi  the  most  oviJent  fuQcUoa  of  the  Mmall  intra- 
tine  ia  the  digeetion  of  fat,  it  miiNt  not  hv  forgotlnn  that 
a  great  part  of  th«  ollior  oonjitituents  of  the  food  is  b;  no 
maaiM  oonpl«t«ly  digested  when  it  1c«vea  Die  Htcnmid). 
Indeed,  ila  tearing  it  unalMOrbed  vrould,  nlouo,  bo  proof  of 
thisfiKt. 

The  albuminoui  mliataiiou  vhich  ham  bees  jwrtlv  Alt- 
Bolrvd  ill  the  vtomach  eonluiua  to  bo  actod  on  by  the 
gaatrtc  juice  vhtch  pacees  into  the  duodoaum  with  them, 
and  the  effect  of  the  iadt-named  SMTOtton  i»  osnated  or 
OomplaaMititod  hy  tlmt  of  the  pnncrco*  and  tntAstinal 
^andfl.  As  the  albuminous  matters  are  dia^lved,  tlier 
are  abeorbed  cltivdy  bj-  tho  blood-vosseb,  and  only  to  a 
small  eorteat,  probably,  by  the  lact^ale. 

The  ttairJig.  or  amjlaceous  portiou  of  th*  footi,  tltn  oon- 
vereion  of  which  into  dextrin  and  sugar  was  more  or  less 
iutermpted  during  its  stay  in  the  stomadi,  is  now  acled 
on  briskly  by  tho  sevretion  of  t)iu  pancreaii,  ami  of  Itninn's 
glands,  and  pcrhnpK  (if  hiolx^rkuhn's  glands  also,  and  the 
rugdr  as  it  IB  formed  dix»i)tvL-e  in  the  int«atiaal  fluids,  and 
aflervrnrds,  like  tli«  allnimen,  is  abtorbcd  vbiclly  by  the 
blood- Teesels, 

Thu  tiquidt,  Kwallowod  aa'sudi,  irfaioh  may  Iiovn  escaped 
abaorption  in  tho  stomach,  are  abRorl)od  probably  veiy 
soon  after  their  entrfuii>o  into  the  intestine ;  the  flutdi^  of 
the  L-ontents  of  the  Inttar  biting  predorvi-d  mont  by  the  cco- 
ataat  secretion  of  fluid  by  the  intestinal  glands,  pancreas. 
aad  lir«r,  than  by  auy  given  portion  of  Haid,  whctlicr 
swAllowod  or  sofTrvtiid,  loraaining  long  uuubsorbed.  From 
this  fad,  therefore,  it  may  be  gtithei'ed  that  there  is  a  kind 
of  ciifulution  couatoiitly  [ircK^iwdiii};  iiiiia  tho  inlnntinee 
into  thfl  blood,  and  Irnm  tho  blood  into  tho  inteatinee 
again;  Ibr,  as  all  the  fliud,  probably  a  vrry  large  amount, 
•ecnted  by  the  intestinal  ghnds,  must  coniu  from  tho 
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blood,  tfa«  \atter  vould  be  too  mnch  dr&iitod,  vnrv  it  eot 
tit&t  tlift  »ami>  Ouiil  tdUiT  secretion  is  ii^nin  ro-abaorbed 
into  the  current  of  blood — going:  i^to  tho  blood  rliarg«d 
with  nutrient  prodiicta  of  digestion — coming  out  &(ifda  by 
•Deration  through  the  gbuid»  in  a  comparntiwlj-  uncbiu^«d 
condition. 

It  liaa  been  said  beforo  tliat  the  ccnl«n(«  of  tli«  stomaeh 
duringr  gnstric  digestion  hare  a  etmngljr  Rcid  mutioo. 
On  the  entrance  of  tltn  chyme  into  the  small  inteBtioe, 
this  is  grudtudty  neutralized  to  a  gruitnT  or  IcM  dugrco  by 
admixturo  vith  the  bile  and  other  secretions  with  which 
it  U  mixed,  and  tlie  acid  rom^lion  booomes  leas  and  leea 
atrougly  marked  os  the  chyme  poawa  along  tlio  amil 
towards  tlie  ileo-ctecal  valve. 

Thus,  all  tlie  matorials  of  tlie  food  nm  R(?ted  on  inAa 
Rnall  integtino,  and  a  great  portion  of  the  nutrient  mnttMr 
is  ftbaorbed — tlie  fat  uhiedy  by  Ilie  laet«<d»,  the  other 
pr!nci[>les,  when  in  a  xtiile  of  Boltitioii,  ch!<ifly  hy  the  blood- 
rf4»cl>,  but  neither,  probably,  exclusively  by  one  i»et  oS 
^-easels.  At  the  loirer  end  of  the  small  iuteatise,  the  chyno, 
still  thin  and  pultaceoua,  is  of  a  light  yellow  colour,  and 
has  II  ilijttinctly  fnvid  o<lour.  In  tbi*  stnto  it  paaaea 
through  the  ileo-ca»cal  opening  into  the  large  inteetine. 


rtHuF 


Summanj  t^  lltt  Proeut  ofDiijtttion  in  ihf  Large  late. 

Tbo  changee  which  take  place  in  the  chyme  after  its 
passage  from  the  imatl  lutu  the  tarye  intextino  are  pruliably 
only  tlm  continuiition  of  tho  enmo  chnngr'«  that  occur  in 
the  course  of  the  food's  pnssnge  through  the  ujiper  part  of 
tho  iutuHtinal  oanal.  From  tho  nbecnce  of  villi,  howovor, 
we  may  rouclude  titat  aliKirption,  ci^ecinlly  of  fatly 
matter,  is  in  great  part  completed  in  the  small  intestioe, 
while,  from  the  still  half-liijuid,  pullat^eouti  con)iial«nce  of 
tho  chyinn  whon  it  first  enters  the  ca>cum,  there  can  1»  no 
doubt  that  the  absorption  of  liquid  is  not  by  any  meaoa 


DiQfiSTiox  rx  LABGE  renaTiNE. 


34' 


«OB(tladed.     The    peculiar    odour,    moi^orer,    whicli    is 

uwinired  bIW  a  tihort  lime  liy  the  ooutt-nU  of  the  lurge 

^kbovral,  would  aoani  to  indirJito  the  addition  to  them,  in 

this  ngUm,  ct  some  special    matter,  probably  excretory. 

Tho  Bcid  mcdon,  whicli  IukI  become  Icsa  uid  les«  diitinct 

|iil  the  »inall  boirel,  tigain  becomM  very  manifeet  in  the 

1 — i>n>bably  from  ru-'ul  fonneDtatton  prcxwaAM  iu  some 

'  the  Dutflrials  of  the  food. 

Them  seemR  no  r«amn,  hovevcr,  to  conclude  that  any 
^■pedal,  '  Mecmdary/  digeetivd  proceaa  occurs  iu  the  uuuum 
in  oDV  other  port  of  tJie  lorg^  incnitiiii^  Probiibiy  any 
itu«ttt  of  the  ibod  which  has  escaped  digestioo  and 
'^ttboinptieii  in  the  small  bowel  may  be  digenled  in  tho  Inrgii 
intestine;  aw!  tho  povrt^r  of  this  port  of  the  iuteetinal 
euiuil  to  digest  fatty,  albuminous,  or  other  muttun,  mar 

•  be  gathered  from  tho  good  dFuvts  of  nutrient  enemata,  eo 
frequeuily  givpn  when  &om  any  CJiuse  tlieru  ts  dilhculty  in 
introducing  food  into  the  stomach.     In   ordinaiy   healthy 

»dig««tiou,  howevor,  the  cliaiigee  which  eusue  ui  the  uhyme 
after  its  passage  into  the  large  intestine,  iiro  mainly  tho 
absoiption  of  the  moru  liijuid  parts,  and  the  addition  of 

■  tlie  spocial  excretory  products  which  give  it  tho  tharao- 
teristic  odour.      At   the  same  time,  as  before  said,  it  is 
prubabta  that  a  certain  qiiiuitity  of  uutrlunt  luattvr  always 
cscapos  digesdoo  in   the  small   intestine,  and   that  thia 
happens  more  uspoviully  when  food  has   been   taken  in 
exDCM,  or  when  it  is  of  such  a  kind  n-i  to  be  diHiuult  of 
digestion.     Under  these  circumstances  thoro  is  no  doubt 
H  that  suc.h  changes  as  were  proceeding  in  it  at  the  lover 
H  part  of  the  ileum  may  go  on  unchecked  in  the  large  bowel, 
^r  — the  pRH-'UBs  being  assiHted  by  the  Mention  of  the  nume- 
rous tubular  glands  therein  pri«ent. 

By  fSwoo  moans  the  contents  of  tho  largo  intwtine,  na 

thoy  pmrocid  townrils  tlie  rectum,  h(*ome  mote  and  mora 

solid,  and   losing  their   more  Liquid  and    iiutriuut  ports, 

dually  acquire  the  odour  and  consistence  oharacCerislio 
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of  EBwes.  After  a  sojourn  of  uncertain  dnr&tian  in  thff 
Tvtium,  ihtiy  nrv  liimlly  cxpollod  by  tho  contiaotion  of  il« 
miucular  coat,  aided,  under  ordtnatj  ciroumatanoes,  by  tbe 
contraction  of  tliu  iiliilomintd  iiiumIos. 

VoT  a  destription  of  the  mechanism  by  which  tbe  art  of 
deftsoation  is  accompliahed,  see  p.  223. 

Tlie  uveragt*  iituuitity  of  aolid  fn^nl  matter  ovn4!nated  bj 
the  LuniaD  ndult  in  twenty-four  hours  is  about  fire  minMa; 
an  uncertain  pK>)iartion  of  which  cuiiniats  um)<ly  of  tbft 
undigeati^  or  dicmieidly  modified  n?«d»(i  of  tho  ibod 
and  [ho  remainder  of  certain  mailers  which  are  excreted 
in  the  iutostiuul  canttl. 


Composiiion  of  Faett. 


Wsttr 
8oUd» 


EpiMid  cicrcmenljtious  oountitiiiiila  : — Excretin, 
AXcrstoUic  ncid  (Uanct),  uiit  •ICTCorin 
<Aii>>tin  Flbl). 

Salt* : — Chlofly  jilinsjihittc  nf  roaxo'^i'i  >u><l  i>hiMt- 
phatH  uF  Wmr,  H'itli  huulII  qiMiitillM  of  iron, 

InioliibI«  rc«iduo  of  the  foot!  (cliinHy  Klnrch, 
(Italns,  woody  tissue.  psrlieUi  of  caHiUge, 
■nd  litmnu  tiitni*,  Di»1J)i^iit«c]  muiculiu'  Ahrca 
or  fat,  <md  tli«  llkf,  widi  iiiMiiiililc  unlwUnuM 
si'ciji.iiitivllj'  iiilroiliiCBtl  willi  tin;  fooil. 

lluuiu,  epithiliuni,  iiltcred  volouring  mutter  o( 
bilcy  btty  MyE.  «ta  ' 
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367^0 


167100 


The  time  occupied  by  the  journey  of  a  gir«n  |x>rtioiO  of 
food  from  the  Bto:nueh  to  the  anus,  varies  considerably  even 
in  health,  iLud  on  this  account,  probuUy,  it  is  that  «uch 
difiereut  opinious  have  been  cs[iro6sed  in  regard  to  the 
subject.  Dr.  Briuton  supposes  twolve  houra  to  be  occupied 
by  the  journey  of  an  ordinarj-  meal  through  the  imail  inte»- 
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tiae,  sad  iwoatj-tona  to  thii^-ox  Itonn  by  the  panngo 
thtonfili  the  larg*  bowel. 

On  th*  Oaui  eonlaiatil  in  tht  Slomaeh  and  Tntntinea. 


It  need  scarcely  bo  remarked  that,  under  ordiniiry  dr- 
numataui^fl,  tbe  slimentary  canal  ooutaiii!)  a.  eoiuadvmibh 
quantity  of  gnaoius  matter.  Any  oiio  who  has  had  occa- 
sion, in  a  poat-mortem  esaminatioD,  cither  to  lay  open  tho 
iotortines,  or  to  let  out  tlic  gun  whieli  tlK^y  coaUaa,  mu§l 
have  been  struck  by  tho  small  space  aflerwarde  occupiod 
liy  tlie  boweLa,  and  by  the  large  degree,  tlierefore,  iu  wliioh 
tho  gns,  which  naturally  dist«nda  them,  coutributM  to  &11 
the  cavity  of  the  abdomen.  Indeed,  the  preseiico  of  air  ia 
tho  iut^alinea  is  ao  con»tant,  and,  within  oert&tn  Uniits,  the 
amount  in  health  eo  uniform,  tliat  thcru  can  be  no  doubt 
that  its  existence  here  is  not  a  mere  accident,  but  intended 
to  servo  a  dufinitu  and  important  purpose,  although,  pro- 
bably, ft  mechatiical  one. 

The  sourcea  of  the  gaa  contained  in  the  stomadi  aiid 
bowels  may  bi>  thus  enumerated — 

1 .  Air  introduced  in  the  otjt  of  swallowing  cither  food  or 
■aliva. 

2-  Oases  developed  by  the  decomposition  of  alimentary 
matter,  or  of  tho  secretions  and  excretions  mingled  with  it 
in  the  stomach  and  inti^stiucs. 

■  3.  It  is  probable  tliat  a  certain  mutual  interchange 
oocurs  betweuu  tho  gases  cuutaiiicd  in  the  aliuentaiy 
canal,  and  tlioso  present  in  the  blood  of  the  gastric  Aiil  in- 
teatiual  blood-vessels ;  but  the  coudiiions  of  the  e^cliango 
no  not  known,  and  it  is  very  doubtful  whether  wiytliing 
tike  a  true  and  definite  secretion  of  gaa  from  the  blood 
into  tho  intuntines  or  Btomach  ever  takes  place  Th<-<re  can 
be  no  doubt,    however,  thnt   the    intestines  may  ko   the 

IinopftT  excretory  organs  for  many  odorous  and  other  sub- 
6tancc«,  cither  absorbed  from  tho  air  taken  into  tho  lungs 
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in  iDspirntion,  or  alisocbed  in  tbo  u)>pcr  part  nf  tlu 
ulimeotary  canal,  agnin  to  bo  «xcTetod  at  &  portioa  of  the 
twain  trtu^t  lower  down — in  «itlier  oau  auuming  rapidly 
a  f-aseous  form  after  their  excretion,  and  in  this  way, 
perhaps,  crhtuining  a  uuire  ready  egress  frgni  thn  l>ndy. 

It  is  probable  that,  under  ordinary  dmiinetaDc«s,  th« 
fpiaea  of  the  atomadi  and  inteetincfi  are  derived  ducfly  from 
ttafl  aecood  of  the  aourcua  which  have  been  onumorated. 

Tabular  AnahjsU  tif  Gatfi  contained  in  the  AUmentaty  Canol. 


ViliQUcn  ohUtitaA. 

CatnpimittcAi  ^^J  Vnliirne. 

Osytea 

Nltrog. 

Cirbnn. 
AOld. 

Ojdng 

Olrtiiinil, 

Bfdngon, 

SiilplnirM 
Bronpa, 

Stomftch .... 
Sin*U  Intestine 
Cnciiin    .... 

Ui-Miim  .... 

11 

71 

35 
46 

M 

.4 

tl 
57 
« 
41 

4 
19 

II 

»9 

Mot. 
1 

Tho  above  tabular  analysi*  of  the  ^uses  contained  in  fbe 
alimentAry  caunl  hiL«  been  <]uot<>d  irom  the  analyses  of 
Jurine,  Mngendie,  Sllarchand,  and  Chevreul  by  Dr.  Brinton, 
trova  trlioso  work  the  iibove  enuineraliou  of  the  eourcos  of 
the  gas  has  been  ul^o  token. 


Movement*  o/ths  IiiUstintt. 

It  rctnaina  only  to  consider  the  manner  in  which  tlxj 
food  and  the  several  seca^tions  mingled  with  it  aro 
moved  through  the  intestinal  canal,  so  as  to  be  slowly 
Hubje(;tcd  to  the  iaftuence  of  fresh  portions  of  intostinal 
BOcrolion,  and  as  elowly  exposed  to  the  abeorbeot  power 
of  all  the  villi  and  blood-vessds  of  the  mucous  meta- 
brane.      The    moTemsut    of    the    intestinoB  is  peruUiltic 
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UOTEUENTS  OF  THE  IHTESTTXES. 

or  vrrmkular,  ftod  is  effected  hy  the  ftllornate  coa- 
tractiooft  and  dUatatioofl  of .  sucoewiive  porliotut  of  the 
intestinal  coats.  Ths  cootnutioiis,  which  ma;  eommenw 
at  laiy  p(>int  of  the  iittcatliu!,  estvud  ia  a  waT^vlike 
manlier  along  the  tubo.  In  nay  given  portion,  the  loDgi- 
tudiual  muKular  fibres  contraot  firat,  or  more  than  (he 
cimUar;  they  draw  a  |>orli«n  of  liut  int^wtino  upwnrds,  or, 
aa  it  were,  backirarda,  over  the  substance  to  be  propelled, 
and  thon  th«  circular  fibres  of  the  tuime  portion  contracting 
in  succession  from  above  dowavatds,  or,  as  it  wet«,  from 
behind  fonntrda,  prosa  on  the  Bubatanoe  Into  the  portion 
iMzt  below,  in  wlii<Ji  at  nnuo  tho  same  sooceMion  of  actiona 
next  ensues.  Tlieee  movements  take  place  slowly,  and,  in 
lieolth,  ore  (nminouly  nu]itin^!ivcd  by  the  luiud ;  but  tbiay 
are  perceptible  when  they  are  woeUntcd  under  the  in- 
fluenuH  of  any  irritaut. 

The  moTomeots  of  tho  intc-itinos  ore  Romotimos  Ritro> 
grade ;  and  there  is  no  hindrance  to  the  backward  moro- 
iDiait  of  the  coalenta  of  the  Mnal)  intestine.  But  ahnoet 
complrti^  snntrity  is  alfunhMl  aguiiist  the  paaaage  of  the 
contents  of  the  lar^  into  tho  small  Intaatine  by  tho  itco> 
civcal  Talve,  Besides,  —  the  orifice  <rf  communicadon 
between  tho  ileum  and  i;»H'mn  (at  the  bordi-n  of  whldi 
orifice  are  tlie  folds  of  mucoLU  membrane  which  form 
(Im  Talvu)  i»  i-ucirt'lod  with  muscular  fibres,  the  con- 
traction of  which  provonta  tho  undue  dilatation  of  tlie 
orifice. 

Proceeding'  from  akovo  downwards,  the  muscular  fibres 
of  the  larf^  intestine  become,  on  tho  wholv,  irtroiif^  in 
direct  pniporlion  to  the  greater  etreogth  required  for  the 
ODWBid  moving  of  the  fieces,  whidi  are  gradiuilly  Ix-coiaiag 
fiimor.  The  greatest  stren^h  U  in  the  rectum,  at  the 
termination  of  which  tho  ciicular  unatrlped  musoular  fibree 
form  a  strong  band  called  the  iuiemal  sphincter,  while  an 
ixtemal  »i>hiut:ler  muscle  with  striped  fibres  ia  placed  ratlier 
lower  down,  and  more  extemiUly,  and  holda  the  orifice  doae 


346 


mORSTIOS. 


by  a  constant  atiglit  contractioD  tmder  the  influence  of  tlio 
sptonl  wid. 

The  peculiar  oonditioa  of  tho  ephiiict«r,  in  relation  to  th« 
DervouH  ^-stern,  will  be  a^ain  referred  to.  The  reniaimaf^ 
portion  of  th«  intoetinol  v-nnal  it  under  tho  dirocl  iiifluuacc 
of  thfl  sympathetic  or  ^ngUottic  ^tem,  aod,  indirectly,  or 
moro  ilinliiiitly,  ix  »ul)j<«t  to  tlte  influence  of  t)i<!  brain  ami 
npianl  cord,  which  intlucnc-o  nppcais  to  ba,  in  some  degror, 
transmilted  through  the  vagus  nerre.  £x])erimeni8l  irri- 
tatioii  of  tho  bniin  or  cortt  produco*  no  CTidcwt  or  cooKtant 
effect  on  the  movements  of  the  intestines  during  life ;  yet 
in  consequtuoo  of  certain  conditions  of  tho  laiud,  tliu  morts 
moots  art*  accclcrattid  orrotarded;  and  in  paraplegia  the 
intestines  apiiear  allet  a  time  much  weiik«ued  iu  tluiir 
]iOwer,  and  coxtiTcucait,  witli  a  tympanitic  condition,  onsiiee. 
Immediately  aAer  death,  irritation  of  both  the  synpatbelie 
and  pneumo-goetric  nerves,  If  not  too  strong,  indocM 
goniiine  peristidtic  movoraonts  of  the  intestines.  Violent 
irritation  stops  the  movements.  These  stimuli  lUit,  no 
donl>t,  not  diriylly  oii  tliu  inuwrulur  tiKNiio  of  tho  intostine, 
but  on  the  rich  ganglionic  structure  shown  by  Meissner  to 
exist  iu  the  aub-rouoous  tissue.  This  regidutos  and  i^jntroLs 
tho  movements,  and  givoa  to  thorn  tlioir  peculiar  slow, 
orderly,  rhythmic,  and  peristaltic  character,  both  nuturully. 
ond  when  artiilcally  extiteJ 
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ADSOBFTIOX. 

Til  e  procou  of  alMorptioD  has,  for  one  of  ito  objects,  tha 
introduclion  into  the  blood  of  fre«h  materials  from  itie 
footl  tuitl  uir,  aud  i)f  wbatorvr  comw  into  contact  with  tliu 
external  or  interaol  snrfaces  of  the  body ;  and,  for  another. 
the  takio)^  awaj  of  purta  of  the  tiodj  iloelf,  when,  having 
fulfilled  their  office,  or  othorn-iso  reqaiiii^'  removal,  the)' 
need  to  be  renevod.  lo  both  these  offioee,  i^.,  in  both 
absorption  fimm  without  and  absorption  from  within,  the 
pTOcew  mauifonta  Humo  varittty,  and  a  very  n'idu  ran^  of 
action  ;  and  in  both  it  is  probable  that  two  si^ts  of  vesaols 
are,  or  may  be,  concerned,  nameiy,  llic  blood-vessels,  and 
the  lacteals  or  lymphatics,  to  which  tho  term  ab«urbeuta 
haa  been  especially  applied. 


Stnieture  and  O^ce  of  Oxt  luttunl  and  Lymphalio  Yetsdi  and 
Glaiidt. 

Besides  the  97St«m  of  arteries  and  veins,  vitli  their  inter- 
mediate roBSels.  the  capillaries,  there  is  another  t^tmn  of 
canals  in  nun  and  other  vertebrata,  called  the  lymphatic 
systotn,  which  contains  a  fluid  called  iympk.  Both  theee 
syBtems  of  vessels  are  concerned  in  absorjitian. 

Tho  priiiinpiil  vcHwU  (if  Uiu  lymphatic  system  are,  in 
Structure  and  general  appearance,  like  very  siuall  and  thin- 
walled  veins,  and  like  thcni  tiro  provided  with  valves.  By 
one  extremity  they  coninienc*  by  tine  microscopic  branches, 
the  lymphatic  capilUirin  or  lymjih-capUlaiia,  in  tho  organs 
and  tiosut^  of  uaarly  every  pitK  of  the  body,  and  1^  their 
other  exircmities  they  u:id  dirwtly  or  indirectly  in  two 
trunks  which  open  into  tho  large  veins  near  tho  heart  (fig. 
ya).   Their  contents,  the  lymph  and  chijU,  imliko  the  blood, 
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pSM  OdIj  in  onti  ilircc-tion,  luimc^lj,  from  tlio  fino  linutohM 
to  the  trunk  and  bo  to  the  large  veins,  on  eutmng  vhicll 
llwj-  an  miugled  n-itli  die  slreoin  of  blood,  and  tona  part 
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of  its  constituciitt«.      Ueiuemlieriiig  tlio  <.uurse  of  the  fluid 
in  the  lymphatic  vessels,  viz.,  its  ptusage  in  Uie  direoUon 
only  totcanla  the  large  veins  in  the  nttigtibourhood  of  tht- 
hsort,  it  nil!  be  retulily  sf«u  from  fig.  92  that  tlie  graab 
port  of  the  contents  of  the  lymphatic  system  of  vessels  pe 


*  Fit  91.    Diagtam  of  the  princiiul  A^oup*  of  If  mpliatte  ve^eb 
ifroni  QuolnJ. 
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throuRh  a  compurntirdy  Urgo  tronk  cnU«d  tbfl  thoraeie 
duft,  ivhich  tinnUy  empties  itscoDtents  tnto  th^  blood-fttiMiiu. 
at  tho  junctioti  of  the  Utlenial  jugultur  and  Hubclnrimi  viuiik 
of  the  left  !iiil(!,  Ther©  is  a.  rnnnllor  duct  on  tlto  right  sidfl. 
tin  lymphatic  Tessets  of  th«  intestinal  canal  are  called 
laeUaU,  becaiiae,  during  dip^atioD,  the  fluid  oontaimxl  in 
ihem  rowmblofl  milk  in  appeaianoo ;  and  tbo  lymph  in  the 
Uct«als  during  the  period  of  digeation  ia  called  ek^le. 
Thoro  U  no  tiNMintiiil  di«tiuction,  Iiowo«ir,  hetwoon  latUah 
and  lymyihatici. 

In  aonie  part  of  ttiRir  coiirsft  all  h-mphalio  TowtoU  pan 
nujfli  ccrtnin  bodies  called  lympfiatie  glandt. 
Lymphatic  veaaels  are  diatributed  in  nearly  all  parts  of 
the  body.  Tluiir  vxintencc,  howerer,  Itaa  not  yet  l)C«n 
datcrrnined  in  the  placenta,  the  umhiltca]  cord,  tlie  mem- 
brauuB  of  tlu!  ovum,  <ir  in  any  (if  tlio  aoa-Taacolar  |Mirta, 
It*  the  nails,  catide,  hair,  and  the  like. 

The  lymphatic  eap&laria  comm«nce  most  commonly 
Bither  in  cIoa«ly-ni«h«d  network*,  or  in  irregular  Incimar 
between  the  rarioua  stmotaree  of  which  the  djf- 
Qt  rnpsan  are  eomposed.  The  former  ia  ih«  rul«  of 
origin  with  those  IjrmphntirJi  which  aru  placed  most  super- 
ficially, a«,  for  instance,  immediately  beneftth  the  eldn,  or 
und^r  the  miKioiia  and  m!tous  inembranee ;  wHIe  the  lat1«r 
is  most  common  with  thoec  which  ariM  in  iho  subiitaQce  of 
,     i^rgans.     In  the  former  iiHtUnoe,  their  walls  are  composed 

I  of  but  littln  more  thno  homogeneous  membrane,  liaml  by 
k  singlo  layer  of  epithelial  cells,  voiy  similar  to  tJioee 
•hich  line  the  hlood-oapUlariea  (Bg.  49).     In  the  latter 
Uialanco   the   sauill    tncgular  dumiiela  and   spaces  Ihim 
frhich  the  lymi^atica  take  their  origin,  although  they  are 
fiarmed  moMly  by  the  vhinks  and  oroimies  between  the 
JJood'TOMols,  Mcroting  dtKU,  and  other  parts  which  may 
BD  to  form  the  framework  of  the  organ  in  which  they 
yet  have  nbo  a  layvr  of  ex>iiholial  culli  to  define  and 
giand  them. 
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The  lacteals  appear  to  offer  an  illuBtration  of  aaoUie 

mode  of  origin,  iiamely,  in  blind  dilated  extremitiea  (£gi 

Pig.  93  * 


~  >'■;;.  93.  Lyin]>liiili<:  viasvln  of  tlii:  lirarl  nml  aeek  of  thn  uppe 
I'.ii't  nrtliL-tiimk  {t'n>iii  .Mnw'ai;nH.  J. — Tlu'clii'st  and  porii^nnliani  hnv 
lioi'ii  '')ii'iioil  nil  tilt  li'l't  ."iilo.urKl  tliL'  tcfc  moiiiiiiii  ilcliiclinl  ouil  Ihrair 
iiiiLuni-rls iivir  llir'  lift  uriii,  yn  ua  u>  oxposc  n great  t>art  of  iladev 
.-iiirir  i>.  TIj''  l>riiiri]iiil  lyinjilialiu  vi'^stls  :iU'l  rUiiiIs  arc  .■•hoKii  on  til 
M'l"  iir  th"  lii'nl  nii<l  Uu<:  ami  in  tlic  nrck,  nvillo,  mid  nu'ilin.-'tjnuni 
lli'iivoi'ii  lilt.-  kft  iiikiii;il  JiLunlnr  vi-in  unci  the  cninnioii  cnrotid  nrtct^ 
ill"  iij>in'r  iisioiiiliiiy  |.;irt  nf  iliu  tlioruic  dntl  marked  I,  and  «bov 
li.;-,  iiiid  dtsviiiliH;;  lu  2,  tlie  mvh  mid  lust  [tiri  of  tlit  diift.  Tli 
I' rmi]::itHin  uf  IIj'?  up[i''r  ])'iii]i1intiL'!i  nf  |]ii' lUapliMf'tu  iu  the  nmli 
;i-Ihi!i1  kIuii'1'=,  ox  W'U  iia  tlio  vardiivc  aud  tlie  dcD;>  niainitioiy  lyiiii<hatici 
nri'  aha  bhowii. 
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8l,  Si);  bat  time  is  no  esBentUl  difference  Id  Btructuro 

between  these  and  the  lymphatic  capillaries  of  other  porta. 

Recent  discorerlBS  seem  likely  to  pat  an  end  soon  to  the 

Pig.  M.* 


Fig.  Bit- 


*  Fig.  94-  Sap«rfldal  Ijmphatica  of  the  forekna  and  p«]m  of  the 
huiil,  I  (itTter  Hoscagni).  5.  Two  sinaU  gtonda  at  tbe  bcod  of  tha 
•rm.  6.  Kotlial  lymphatic  vesaels.  7.  UIdet  lymphatic  tmuU. 
8,  S.  Falmar  arch  of  lymphatics.  9,  9*.  Oater  and  inner  seta  of  v«iitel& 
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loDg-st8iidui(;  discussioD  wh«tlier  any  direct  oommunirntiom 
exist  between  tbft  Ijmph  •capillarity  itnil  hlood-tfliiiUarie*  i 
the  need  for  tiny  special  intercom  munica tin  (^  chnnnok  w>eni- 
ing  to  disiipponr  iu  Ui«  light  of  mom  urimrtito  Icnnirlcdgpe  of 
the  Btnicturp  and  endowments  of  tliP  parts  conoemod.  For 
whi!i>,  on  tli^  oik-  hand,  the  fluid  part  of  the  lilood  con- 
stantly cxudrx  or  if!  Ntrniniid  tlirniigh  tho  wiiWn  of  thu  Uood- 
oapiUari«>s,  so  as  to  moisteoi  all  the  aurrouiidiDg  tisniM, 
and  occupy  tlic  iuti^npnces  whicit  vxht  uinoag  tbeir 
difTerent  elements,  these  §ame  interiipaceB  have  been  shown, 
(U«  judt  Blatod.  to  form  tlio  hegiiiniuga  of  th«  lymph-capil- 
laries. And  while,  for  many  years,  the  notion  of  tho 
■uciatence  of  any  such  channda  hetwcew  the  blood-vessels 
and  lytnph-vPsselB,  ns  would  admit  blood -wrpiiacln*.  liaa 
been  gircn  tip,  rrcont  observations  iuiTe  proved  that,  for 
the  passage  of  such  corpusdes,  it  iaiiDt  neonHucy  to  nasume 
tho  prftu^i'o  of  any  special  chanaels  at  all,  iDaranich  m 
hlood-torpusc'les  caii  pass  bodily,  without  nnch  difficulty, 
throuftli  tiio  walls  of  tbo  lilood-capill&ries  and  small  vmns 
(p.  164),  and  could  pass  with  still  leas  trouble,  probably, 
through  the  coin  par  utively  iil-deiiued  n-alU  of  tlm  oiipiUories 
wliitJi  t«intain  lymph. 

ObeervatioDS  of  Reddingliausen  Lnve  lod  to  the  dia- 
coTcry  that  in  certain  parts  of  the  body  opetunga  exist 
by  which  lymphatic  capillaries  directly  communicate  with 
pnrt»  hitherto  supposed  to  be  closed  cavities.  If  the  peri- 
toneal cavi^'  be  inj<H.'lcd  with  milk,  nn  inj^tctipn  is  obtuinocl 
of  tho  plejHis  of  lymphatic  vessels  of  the  central  tendon  of 
tho  diaphragm ;  and  on  removing  a  small  portion  of  tho 
ceutrol  tendon,  with  its  peritoneal  surface  iiuiujored,  and 


B.  OphsUe  Ttbi.    A  Btdial  lYin.     e.  H«(liim  voin.    /.  Claur  voiii. 
Tlu  lymphttio*  sn  leprsMntol  »  lying  on  llic  liocp  fim-iii. 

t  Fig.  95.  SupDrficial  lynii)liHt[pii  of  rinlil  jtrolii  •ml  njip-r  pMt  of 
thigh,  t  (artcr  JUncagnlJ.  I.  Vyjvi  IiiKUiuiU  glaiids.  y.  Lowpt  iti> 
gmtiol  or  fomonJ  jjtUnili.  3,  3,  Ftexua  odympbutiea  id  llie  couoio  of 
tha  long  Mphmoiu  T«Ui. 
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nMBxumg  (bo  prooou  of  alieorptioo  under  the  micro- 
scope, Reddingfattnaea  noticeid  that  (he  mtlk-glitbtitiiH  luu 
toworda  SBisll  nntural  npuiiiiigit  or  Uoiua»  botween  the 
epitheluJ  cells,  and  disappe&red  by  paawng  vorl«x-U)ce 
tbrciugh  thmi.  Tim  aomata,  which  hitil  n  roumlieh  outline, 
vcre  oaly  wiOd  enough  to  sdniit  two  or  three  milk-Klohulea 
ftbroast,  and  never  exceeded  the  »i»  of  an  epitJmliul  cell, 
ppotiiogs  of  •  nmilttr  ViaA  hare  bR«n  fuiind  bj  r>3'b»lcen-Mky 
in  tbe  pleura ;  and  as  they  msy  be  premimed  (o  exist  in 
other  serous  merabcann,  it  irould  seem  as  if  the  seroiu 
cavities,  hitherto  8t)pp<^)K<d  cJomd,  form  bat  a  Urge  widen- 
ing  out,  au  lo  speak,  of  tiie  lymph-capillary  system  with 
which  they  directly  commiiiiicnto. 

Id  structure,  the  mediam-uzed  and  largfer  lymphatic 
TWaeU  are  veiy  like  veiuH ;  haring,  acoerdiiig  to  Kiilliker, 

|«n  external  coat  of  fibro-oeltular  tissao,  with  daado 
Ulaments;  within  this,  a  thin  layer  of  fibiD-MUalar 
tissiw,  with  organic  mtisctilor  tibrnt,  whidi  haTO,  princi- 
pally, a  circular  direction,  and  are  much  more  abundant  IB 
the  small  than  in  the  larger  reesela ;  and  again,  within 
this,  an  inner  clastic  layer  of  longitudinal  fibres,  and  a 
lining  of  epithdiiim ;  and  numco^^ua  v&lves.  Tlie  ralves, 
constntded  like  thoso  of  rein^  and  with  tb»  Irso  edges 
timwd  towards  the  heart,  are  usually  arranged  in  paira. 
and,  in  tlie  small  Teasels,  an  so  vlcM&ly  placed,  that  wheu 
tho  Teasels  ate  full,  the  Tolves  con»tri<4ing  them  where 
tfaeir  edges  are  attached,  give  them  a  peouliar  braided  or 
knotted  nppcaninre  (fig.  99). 

Witli  tho  help  of  the  ralvnlar  mMhantam,  all  occasional 
prMsuro  on  the  exterior  of  the  lymphatic  and  lacteal  ves- 
ads  propels  the  lymph  towards  tho  heart :  thus  muscular 
and  otlicr  extern^  pressure  accelerates  the  How  of  (he 
lymph  as  it  docs  (hat  of  the  blixid  iu  tho  veins  (ace  ]>.  170)- 
Tlw  oc^ooB  of  th«  nasculor  fibrea  of  the  smnll  intestine, 
and  pmhaMy  tbe  layer  of  organio  niusole  i>ivsent  in  each 
inteetinol  villus  (p.  307),  seem  lo  OJtsittt  iu  propelling  the 

1  A  A 
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ohjrle:  ibr,  in  the  «ntill  intOfltiiM  ot  a  mouso,  PoUeuSU 
«aw  th»  vfaylfl  moring:  witJi  intermittent  propuIuotLS  that 
nppMured  to  romsspiMtd  witli  the  iieristaltic  niuvutuents  of 
tha  ijile«tiiie.  But  for  the  gonornl  proiiolHtm  of  tho  Ijinph 
nod  chylo,  it  i*  pro1>ubta  that,  logellier  with  (Jie  ri<  a  /<rji) 
reculting  from  absorption  (lut  in  tli»  uM-cnt  of  Knp  in 
a  txee),  and  from  external  prdesure,  some  of  the  force  maf 
be  derived  from  tho  cwDtrnctilily  of  t]i«  vMnol'it  own  mtlU. 
Kollilter,  after  wtttching  tho  Ivinphnlits  in  tbo  triuiRiMueiil 
tail  <if  tlie  tadjiole',  atatoe  that  no  distinct  movements  of 
ttiiiir  walls  can  ever  bo  nixtd,  but  us  lb«3r  aro  <imptii)d  afl«r 
ilcath  thej'  gradually  contract,  and  thoD,  aRer  some  time, 
af;ain  dilato  to  thnir  foniKT  nixtf,  exactly  aa  the  anxall 
ortoriM  do  under  the  liko  circuamtauccs.  Thus,  also,  the 
larj,-«r  vessels  in  the  human  subject  eomaionly  omp^ 
tbiimMlvps  after  dcfitli ;  w  that,  altJiciigh  absorption  ia 
probably  usually  going  on  just  before  the  time  of  death,  it 
is  not  uuiiiinon  to  see  tlia  lymphatic  or  lacteal  reMoLf  fiiU. 
TiKiir  power  of  contraption  uinlcr  tJic«  inQuence  of  stimuli 
has  boon  demoostnted  by  KoUiker,  who  ni)plied  the  wlra 
of  an  eleotre-maguetio  apparatus  to  some  well- filled 
lymphadcs  on  the  «kin  of  n  boy's  foot,  junt  after  tho  te- 
moral  of  Ms  leg  by  amputation,  and  noticed  that  the 
calibre  of  the  vessels  dimi:iished  at  leant  one  half.  It  10 
mn:4t  probable  thnt  this  contraction  of  tho  Tomels  occurs 
during  life,  and  that  it  oonsiata,  not  in  peristoltie  or  iiodu- 
latoiy  movements,  but  in  an  uniform  contrnctioQ  (^_  the 
sueceB&ive  porliuns  of  the  veeeelfl,  by  which  pressure  is 
eti'adiiy  exerciaed  upon  their  contents,  and  whieh  alternates 
Viith  their  relaxation. 


I.yiiiphatie  Gland$. 

Almnst  nil  lympbtitic  and  lacteal  vessels  in  some  part  of 
their  course  pans  through  one  or  more  small  bodies  called 
Ij  iiiphritic  gland -i  llig  99). 

A  lymphatic  gland  is  covered  oxtomally  by  a  capsule  of 
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caeaeottta  ti»ae,  vliicli  invi^sta  and  supports  the  (landular 
structiue  witkiu ;  vhilo  prolongud  from  ito  iaiuir  surfnoo 
ura  procoMM  or  tmhwalm  wMcb,  eal«iing  the  gland  from 
nil  Hides,  mid  frvwly  coimnHnicating,  ftirm  u  filinniH  tcof- 
foldiuff  or  itroma  to  all  pnrts  of  die  interior.  Thui  are 
formed  in  the  outiir  or  eortical  part  of  the  glauda  (tig.  96) 
in  the  iDterraJs  of  tlu>  Pia  <A.' 

tr&bentW,  curtmu  iiit«r< 
oommuuicntiDg  spaces 
termed  ainoli;  whilu 
a  finor  moshwork  is 
fonaed  in  the  more  cen- 
tral or  mtduUarif  pnrt. 
In  Uiv  bItvoU  nnd  ihe 
trabecular  meab  irork  tho 
proper  glaud  mihxtonce 
in  (^ontniocid ;  in  the  form  of  nodulca  in  the  cortical  ulvcoli, 
and  of  rounded  corda  in  the  medullary  pnrt  iiig.  97). 
'riiM  ^lfui<I-niibi(tnnce  of  one  part  is  continuous  directly 
or  indircrtly  with  that  of  ull  othurs. 

The  eiML'utial  Htmcturo  of  Ijmphatic-glimd  substance 
nwomblos  tliat  which  was  described  as  exbtiii^,  in  a  tiiinplu 
form,  in  the  inhirior  of  tho  iii:ilit.-iry  and  njpninntod  intos- 
tiual  folHcln*  (p.  302).  I'errading  all  parts  of  it,  aal 
"<*™py'"g  lie  alveoli  and  trabeciUar  spaces  before  refttred 
to,  is  a  network  of  tho  variety  of  njnnui^livtt  ti.-uiuo  tamed 
Ttliform  tissue  (fig.  t)8),  the  interspacea  of  which  are 
occupied  by  lymph -ooriiuuclta.  The  corpuscles  uru  nr- 
ranged  in  iiucli  u  way,  that  while  in  the  «imtro  of  the 
Blveoli  and  of  each  mesh  they  are  so  crowded  toj^ther 
aa  to  bo,  with  tho  retifenn  tissue  pervading  them,  a  coii- 

*  Fi^  96  (after  Kolltker].  Sootion  of  ■  Dwarateris  ffsnA  btau  tti* 
at,  allghlly  imgiuflaiL  a,  bttua  :  b  (in  Urn  ccutral  pitrt  at  the  fignrc), 
mednlluT  (mtwtoiice ;  t,  corlirjil  iiulistiiiicc  nilli  imlutinct  ntvooti ;  d, 

UpMlll. 
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■istent  ftlond-pulp,  condnuouB  tn  the  form  of  th«  nodalM 
and  coTtIs,  before  rcforrtxl  to,  throughout  iho  wholw  gtaad, 
they  are  in  comparatively  small  numbers  in  the  outex  pan 
of  tho  uItWI  siul  m/whiif,  am)  Invm  this  portion,  tta  It 
were,  open.  (Seo  fi^.  97,  98,)  This  firoo  spnce  betiroea 
the  s:laiid-pii]|>  and  the  trabcculur  itroma,  occupied  only  fcy 
rotiform  tiwu^  u  cnllod  tho  li/mpk-ekannA  or  li/mph-path, 
because  it  is  Cravfvsed  by  the  lymph,  which  is  continually 
btougkt  to   the  gland  and  conveyed   away  fhim   it  by 

Fi9-  97-' 


lymphatic  veeaeU ;  tlioso  which  bring  it  being  termed 
tifftrtnt  vessels,  and  those  which  take  it  away  ffftrtnt 
Tfissela.  The  former  enter  the  torlioal  jiivrt  of  tlw  gUnd 
aad  opnn  into  its  alveoli,  at  the  anmo  time  that  they  lay 
aside  all  their  coats  except  the  epiiheUal  lining,  wliich  may 
be  aaid  to  continue  to  line  the  lympb-pnth  into  which  the 


Fig.  97.  Sectiou  nf  MoIuIUry  SuliiUncs  of  nn  IngninaJ  Clnd 
of  an  Ox  (intiKi>i'ii>'l  ^  diaiorten).  a,  a,  nlfin'liiUr  >utttt*n«s  or 
pulp  furmiiig  niiiutltd  cords  joining  in  a  cnnltnuouii  net  {iaxk  In  til* 
fignn) :  c.  r,  tnbccnlw  ;  the  Kjuur,  b,  b,  \Mtitra  thp»  vaA  thn  (^Und- 
nlir  mlitUiiRn  in  tlio  lympli-tinuii,  wtuhcd  cliur  of  nor|Fi;nJ-lM  and 
trannsd  \>y  liltunmUi  uf  relironn  couuwIivD  tunie  tfliUr  Eoltilior). 
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contents  of  tlie  affeivBl  rcseela  now  pass.  The  effrma  TW- 
Dels  begin  iu  the  ineJiiUan/  port  of  the  gLund,  naA  tre 
continuous  vith  the  lymph-pjith  hero  w  th«  af»rmt  reeaels 
were  vith  the  cortical  portion;  the  epitheliutD  of  one  is 
continnoiu  with  ttiat  of  Ltio  athor, 

Blood-vesMls  an  frooly  <U«triliQtod  to   the  tntbeeuUr 
tianw  and  to  the  gland-pulp  (fig.  98). 

PntptriUt  of  Lyutiik  and  Cht/U, 
Hw  fluid,  or  lymph,  contained  in  the  lyiu{)hati«  V)h^ 


I 


under  oirdinaiy  droutnatances,  dear,  tranaparent,  and 


Fig.  9S.  A  t^uaM  PiirlloD  of  Uodnllatj  Snlwlaoce  Irom  ■  IkUa«D> 
taric  OUnd  at  the  Ox  (inH^iiStil  300  iliomctiir*).  d,  d,  tmbcculu ;  a, 
part  of  a  Mtd  of  gUo'IuIar  aulxitani:*!  Irviii  whioli  uU  tiol  a  law  of 
ths  Ifnipli't-otpuiclr's  have  bci^a  wiahisl  out  to  hIiow  ila  kiipportiiig 
TDMbmrk  of  ntifana  tiuuc  anrl  iU  cii'illory  liloo-I'VOjwlt  (vhliih  bnxo 
lw«n  iiuMl(>l,  HUtl  am  daik  in  thoflgUK) ;  i.  i,  lyniph-hiiiit*,  of  vbicli 
Uia  retirorm  Uhud  ia  ntntMMwl  ODlf  U  4  «  (iftcr  KolliffciJ, 


358 


ABSOBPTIOX. 


Pit- 99' 


colourleu,  or  flf  a  pAlft  ynllav  tuil.  It  ia  AavoiA  of  amdl, 
it  ■Ijglid}'  ulkuliim,  nnd  bos  a  saline  taste.  At  Mtvn  with 
t3ie  microeoops  in  the  small  truospareiit  resMds  of  the  tail 
of  the  tadpole,  ibo  lymph  iisiiotl}'  contnins  no  ocnputdMor 
particW  of  imj  Icind  ;  and  it  is  probably  only  in  the  larger 
truuka  tn  which,  by  a  prooeas  dmiliu'  to  that  to  be  dcembed 
in  the  chyle,  llio  lymph  is  more  clnbomted.  thnt  niiy  oor- 
pu«clea  are  formed.  These  corpueclea  an 
Biuiilur  to  tliotH)  in  the  chyle,  but  ttaa  uume- 
ruii«.  The  tiuid  in  which  the  corpueclet  float 
is  oouuuonly  and  in  health  albuminous,  and 
■.vintiiins  no  fiitty  partiiihii  or  Riab-ctilnr  buae ; 
but  it  ia  liable  to  vniiations  according  to  th« 
gtrui^ral  Blule  of  tlu>  blood,  uud  that  of  the 
oi^D  from  which  tlie  lymph  ia  derived.  A* 
it  advascea  towaida  the  thoracic  duct,  tad 
pMsea  llirough  tlui  lymphalio  glanda,  it  b«- 
couiex,  like  chyle,  qtontaneousljr  coagulnblo 
from  the  fonnnliou  uf  fibrin,  and  tho  number 
of  corpUBcies  is  much  incrr-iwed. 

Tho  fluid  contained  in  tho  tacUaU,  or 
lymphatic  tc«scU  of  the  inteatise,  ia  dear 
and  transparent  during  fasting,  and  iliflers 
in  no  respect  from  ordinary  lymph;  but 
during^  digestion,  it  hiHs>mett  milky,  aud  im 
tarmod  r/ty/e. 

Chvle  ia  an  opafjue,  whitish  fluid,  resem- 
bling milk  in  appoHrnncp,  and  having  a  neu- 
tral or  slightly  alkaline  reaction.  Its  white- 
noaa  and  opjicity  lire  due  to  the  presence 
of  innumerable  porlitk-s  of  oily  or  fatty  mutter,  of  exceed- 
ingly minute  though  nearly  uniform  size,  measuring  on  the 
average  about  jTrio^  of  an  inch  (GuUiver).  Thee©  con- 
stitute what  Mr.  OulUver  approprint»Iy  term*  the  tnoltevlar 

*  Hg.  99.    A  Ij'nit'tiutic  glaud  fiatu  Uia  uilU,  wltli  lu  atfacnl  and 
efforent  vcucb,  injcuiuil  with  mercury  (eftcr  Bnndt). 
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H^flM  nf  chjrio.     Tboir  number,  and  oonaequcntly  tlie  opadty 
^uf  tbft  ctiyli),  oro  ili'ponileiit   upon  tho   (ptttntity  of  fntty 
^MnBtter  contained  in  the  food,     ll^sco,  aa  a  rul«,  the  chyk 
u  vrhtliah  and  rawt  turbid  in  camivoroiia  antmola;  lew  so 
Bin    lli<rbivora;    while  in  birtla  it  in  usually  tranaparcnt. 
H'J'be  fattj  nature   of  the  molecules  is  made  mnnifMt  by 
H  tlieir  tulubility  in  nthur,  nni),  wtion  thn  nthor  eraporatiw, 
Hl)y  tbeir   being  depoaited   in  various-sized  drop  of  oil.* 
HTM,  sioce  they  do  not  run  together  and  form  a  larger 
diop,  BM  piirticln*  of  oil  woa]d,  it  nppoiirs  very  probutile 
t)iat  eni^  molecule  consi^U  of  oil  coated  over  with  albu- 
inou,  in  tlio  nuuuicr  in  vrlitcb,  a«  Asc)i('r!K>ii  obserred,  oil 
nlwiiys  becomos  covorod  wh«n  sot  free  in  mioute  dropa  In 
an  albuminous  solution.     And  this  view  is  support*!*)  by 
the  fa^'t,  that  irhen  water  or  dilute  aceliu  ucid  iw  added  to 
chyle,  many  of  the  moleculM  are  lust  flight  oi^  and  oil- 
appear  in  their  place,  as  if  the  inveslnientn  of  the 
Dules  had  boon  diMulvtid,  and  their  oily  cont«nts  bad 
run  together. 

»  Except  these  noleculeA,  tlie  ohylo  taken  from  tho  villi 
or  from  lnct«aU  near  them,  contains  no  other  M>Ud  or 
organized  bodies.  The  fluid  in  which  the  moleuido*  float 
in  albumiiioun,  and  does  not  epontunnously  coagidate, 
though  ooagulable  by  tlie  (ulditinn  of  ether.  But  aa  tJie 
chylt!  jmasea  on  towards  tlit*  tliuracie  duct,  and  csptxlally 

•  while  it  travi>niM  one  or  more  of  tho  megonteric  glands 
(pro|>el(ed  by  forc«s  which  bare  boon  described  ii'lth  the 
«lructiiro  of  tlte  v<'»x(:li),  it  iit  elaborated.     The  quantity  of 

•  moleoulee  and  oily  particles  gradually  diminishes  j  cells,  to 
which  llie  name  of  chylo-curpuscles  ia  given,  are  developed 
in  it ;  and  by  tho  formation  of  fibrin,  it  npqiiinos  tho  pro- 
,  jiertjr  of  oo&gulatiag  apontaneously.      The  hig;her  in  the 


r 


Soni*  or  llio  ninlocalRii  maf  remain  Imtlu»Ivl^d  by  the  ethtr ;  bat 
tlii»  Npiwiis  10  l>«  Uni'  In  ihptr  Ixiiii^  defended  frem  tlio  action  of  Iha 
Gth«r  by  btiag  eataujfied  witLiu  Iliu  dbuuion  which  U  eoi^Uu*. 
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thoracic  duct  tlie  dtyls  sdvancof,  tho  more  la  it,  in  all 
Uwtm  rca^MTts,  duruIuiKK] ;  tli«  greater  ia  the  numbor  of 
chfle^corpusclee,  and  the  litrgior  luid  firmer  h  tlio  clot 
whidi  forma  in  it  when  withdrawn  and  left  at  i«at.  Sucli 
B  dot  is  lik«  ono  of  l>lood,  without  tho  hmI  corptuclee, 
having  the  cbyle-corpiucles  cMitangl«d  in  it,  and  tli«  fattj 
mattVT  funning  a  while  cteamy  film  on  the  surfitce  of  the 
MTum.  Uut  the  clot  of  diyle  in  voflcr  and  moinler  than 
that  of  blood.  liko  blood,  aigo,  the  chjrle  ofi«a  renuunt 
for  a  li>ug  time  in  ita  tiikmuIji  witliout  coogtilating,  but 
ooogulatt*  mpidty  on  beiog  rcmovod  from  them  (Houiwou). 
The  existence  of  fibrin,  or  of  the  materials  which,  hy  their 
union  form  it  (p.  Cj  ft  >fq.),  is,  therufun>,  curtain;  its 
iiicrenao  apjiom*  to  bo  commeusurato  with  tluit  of  the 
(!orpuacles ;  and,  like  them,  it  ia  not  absorbed  as  auch  from 
tlie  cliynie  (fur  no  fibrin  exists  in  the  chjii:  in  thu  riUi), 
but  is  gradually  elaborated  out  of  the  albumen  which  cbylei 
i&  ita  e&rlieat  condition,  contains. 

The  stnicture  of  tho  chylo-corpuadM  was  deecribod 
when  epeBkiog  of  the  white  corpoeoUa  of  the  blood,  with 
which  ihey  aro  identical. 

From  whut  bas  been  etud,  it  will  appear  thnt  perfect 
chyle  and  lymph  are,  ia  essential  characters,  nearly  uniilar, 
and  Bcan;ely  diifer,  except  in  tho  prcpoiidorancc  of  tatty 
matter  in  the  chyle.  The  comparative  analysis  of  the  two 
fluids  obtained  from  Die  laotnals  and  the  lymphatius  of  a 
donkey  is  thua  given  by  Dr.  Owen  Keee  i~ 
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The  analyses  of  Nossa  ailurd  an  eetlmate  of  the  rela- 
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tin  oompoiiUoiu  of  th«  Ifinph,  cbj'lei  and  blood  of  tlw 

horae.* 

Lfm[>li.  CbyU.  BIomL 

"Water        ....  yj*'  935'  *'**' 

Con"'*''''*     ■       •       ■    .  4'  93'S 

Albiiinm    ....  3eii  ]■■  to- 

Fibrin 07s  j-8 

Ii1netitr«  matUr  4-SS  6  ;i5  yj 

F4tty  matter .       .       .    .  cog  15-  1-55 

Alkaline  uHs  5*61  J-  67 

SMb,  <uti(l«  or  ilOll,  Mv.    J      °3«  •  o» 

1000*  >000'  tooo- 

The  contpnta  of  the  thoracic  duct,  including  Twth  the 
Ij-miih  mid  thj'ld  mixed,  in  au  executed  crimiual,  were 
examiuorl  by  Dr.  Itoes,  who  found  thom  to  coniMst  of — 

WuiM 9048 

A!)>nnicn  and  Hbdn 7x18 

Eilruillvo  niMtfr 0'io8 

FHtt;              „            0^91 

SdiiM             0*44 

Froin  nil  (lirw  nniilviMNi  of  Ij-nijih  fttid  thyli-,  it  ajijiean 
that  Ihoy  contain  e§spnlially  the  sumo  organic  c^nxtitnnnts 
tltat  are  finind  lu  the  blood,  viz.,  albumen,  fibrin,  and  fatty 
maltirr,  the  samo  exlino  eubsUinces,  and  iron.  Tlioir  cnm- 
po&ilion  diflers  {torn  that  of  the  blood  in  drgrw  mth«r  than 
in  kind ;  they  ooutaiu  a  leas  proportion  of  all  the  subatancea 
diwolv«d  in  the  water  (see  NoBse'a  aualy&M,  juHt  qiiotttd), 
and  much  leas  fibrin.  The  fibrin  f  of  lymph,  beeides  being 
leas  in  quantity,  apponnt  to  Ixi  iu  a  leiut  elaborated  atatA 
than  that  of  the  blood,  coagulating  leu  rapidly  and  lees 
finnly.     According  to  Vircliow,  it  never  coagulates,  under 

*  The  niulyiu  of  the  blood  diflen  rnthet  tridily  from  thtt  giveD  at 
page  7$;  but  if  it  boerroncoiu,  it  U  probable  that  correipoodxng  ernira 
ezin  in  Ihc  annlytii  of  iba  Ijmph  and  chyln  ;  anil  tliat  tlienfor*  thn 
tihla  in  the  Inxi  ntiy  r*iir«MDt  torantely  «aaugh  the  ntstiun  in  which 
tlia  tbru  II11I1U  Httmd  to  tmeb  other. 

i  Tot  obacrTatloua  00  tha  uaiiin  of  flbria,  im  p.  6j. 
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ordinary  i-irrtmurfiHices,  wiUiio  t}i«  Ijinjiliktie  vtmuia,  ci\\xet 
<]uriiig  life  or  atUtt  doatli.  Tbcjto  diflTontncm  grndtiAlly 
diminiafa,  while  the  lymph  and  clijle,  pasainf;  towards  and 
lliruugli  tlin  tli'>rnriu  duct,  grtiduallj'  nppronch  tiw  pUt.'e  at 
which  thoy  are  to  be  mingled  with  the  blood.  For,  in  the 
thoracic  duct,  bcMdes  the  higher  aud  more  ahundoat 
dcrelopnuiDt  of  the  fibrin,  tho  lyiiip]i  und  rlijlr-oorputclM 
an>  found  more  ndranced  towards  their  develo|>ni<'Qt  into 
red  Uood-coqiuscles ;  Bomeiimua  even  tliat  development  i« 
mmplclod.  Olid  flio  Ij-mph  ha»  n  pinkish  tingw  from  the 
number  of  Ki  blood-corpuecles  that  it  coDtain§. 

The  generul  result,  tlionifor*',  of  l«)lh  the  miLrosoopio 
and  tho  chirimiral  rxnminntions  of  tlto  Irnipli  and  chjlt^ 
demoiistntto  that  they  are  rudimentul  blood ;  tlieir  fluid 
part  hftiu^,  like  the  Uijuor  aunji^iuiji,  diluted,  hut  gradually 
iM-wming  morp  concent  rated ;  and  their  e&rpu!«:lia  tieing 
in  proceirs  of  development  into  red  blood 'COrpuecles.  TbiM, 
in  quality,  tlie  lymph  and  chj'lo  ore  adapted  to  replenisli 
th(>  blood  ;  and  their  quantity,  «o  far  us  it  can  be  oatinialed. 
appears  ample  for  tlUa  purfwiao.  In  one  of  Magendie's 
expi'rimi?nl».  half  an  oiinpc  of  chyle  wna  <'ollixted  in  fire 
miuutea  from  the  tliuruoii:  duet  of  a  midd]e>ai2ed  dog; 
Colliird  do  Mnrtigny  ohtaiiind  nine  grains  of  lymph,  in  l«di 
iniuutos,  from  the  Ihoracie  duit  of  a  rabhit  which  hod 
tidien  no  ftKHl  for  Iwtiity-four  hours;  and  Oteger,  Irem 
three  to  five  pounds  of  lymph  daily  from  thi?  foot  of  a 
liiirse,  from  whom  tlie  eanie  ipiaiitity  hnd  been  flowing 
several  yean  without  injury  to  health.  Bidder  found,  on 
opening  the  thoracic  duot  iu  eats,  immediately  after  death, 
that  the  mingled  lymph  and  oJiyli*  coiiti:itied  to  flow  from 
one  to  ax  minutes ;  and,  from  the  quantity  tluis  ohtained, 
ho  estimated  that  if  the  contcnis  of  the  thoracic  duct  cou- 
tinned  to  move  at  tlie  aume  rate,  tlie  quantity  wlii<.-h  would 
puss  into  a  cflt's  blood  in  twcmty-foiir  houw  would  bo  equal 
to  about  one-sixth  of  the  weight  of  the  whole  body.  And. 
since  the  eatimutcd  vf<iiglit  of  the  blood  lu  uttii  is  to  tho 
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light  of  their  bodies  as  1:7,  the  qoantity  of  lymph  dailj 
tiaTcnin^  the  thoradc  Auat  would  appear  tu  he  about 
equal  to  the  (|iinntity  of  blood  nt  any  time  contained  in  lh« 
aaimals.  Schmidt's  observattona  on  foala  hav«  yielded 
ytrjt  Bimilor  icmilta.  by  another  series  of  expcrinu-nta, 
Didd«r  Mtimatcd  that  tho  quantity  of  lymph  trtkvcrnn^ 
the  thotecic  duvt  of  a  dog  in  twen^-four  houra  is  about 
nqtul  to  tvo-thirds  of  the  hlood  in  tlio  body.  If  vn  take 
th«K  «etiiaa1««.  It  will  not  follow  from  them  that  the  wholo 
of  an  niiiRinl'a  bhxid  Lx  daily  n>]il(uTd  by  the  (I<!ruli>pm«Dt 
of  lymph  and  chyle;  for  even  if  the  quantity  of  Ij^mph 
and  chyle  daily  formed  be  e<iual  to  that  of  the  blood,  the 
■olid  coDtonto  of  tho  blood  will  bo  niiich  too  great  to  be 
r^bwed  by  thoee  of  the  Ijrmph  and  chyle.  According  to 
NuBe's  analyses,  the  solid  mailer  of  a  pven  quantity  of 
blood  <ioid<l  not  bo  r^placnd  out  of  Iom  tlLiui  three  or  taut 
tiaws  the  quanti^  of  lymph  and  chyle. 

Al>$orplion  liif  llit  IjaeUat  VattU. 

During  the  paasage  of  the  diyme  along  the  whole  tract 
of  the  intestinal  canal,  it«  complotnly  dige«t<'d  parts  are 
absorbed  by  the  blood-veasels  and  lacteals  distributed  In 
the  mncou*  mfmbraue.  TIi«  ]iIiM>d-«'jBolii  iippi-nr  to 
absorb  chiefly  tho  di^iiolmd  porlions  of  tho  fond,  and 
these,  including  especially  the  albtiminoiia  and  sacchMune, 
they  intbibi;  without  cboiov ;  wIiiiIutpj'  eiui  mix  with  the 
blood  passes  into  the  veseeN,  as  will  be  presently  dei>cribed. 
But  tlie  lacteala  appear  to  absorb  only  otTiain  luiiniituents 
of  the  food,  including  piu-tii-uhirly  the  fatty  portions,  TImi 
abaorption  by  both  sets  of  ressels  is  carried  on  most 
artiwily,  hut  not  exclusively,  ia  thu  villi  of  the  small  inl«»- 
tine  ;  for  in  thesn  minulo  prof'ewos.  both  tho  capilhuy 
blood-rcssels  and  the  lanteals  are  brought  almost  into 
cuntoet  wilh  the  intusliual  tonteuts. 

It  has  been  idready  xtntcd  tlint  tho  villi  of  tho  small 
intcetine  (Ags.  Si  and  82),  ore  minute  vascular  proceeeea 
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of  macoua  incin1>nin9,  well  coataimng  •  (Wticate  DM- 
vork  (if  blood-vc«aols  and  one  or  moM  laoteaU,  snU  sw 
uivi.'st«d  by  a  itli««th  of  cyliudricnl  «pitlu>tium.  In  tbu 
uiten)>auGii  of  the  mucous  menibtano  betveeu  the  villi,  ns 
*eU  as  OTW  «U  the  ivat  of  tlii>  mtntmol  canul,  die  lact«da 
■nd  blood'TeamU  ore  nlso  deasely  distributed  in  a  clo«o  ii«t- 
vork,  tike  locUtak,  hoir«ver,  iMsing  man  epariagly  supplied 
to  the  Utrga  than  to  tliv  lonall  intnetine. 

Tb«re  aoeoiu  to  be  co  doubt  that  abaorptioa  of  fatty 
mattrrs  duriuf;  diction,  from  lli«  ountiinU  of  tha  inte*- 
tiiiw,  ia  dfectt<d  i^liielly  by  tiiu  epithoLinl  oellfl  wtuuh  liqa 
tlia  intAttinol  tract,  and  especially  by  tboM  vhich  dotbe 
tliB  purface  of  the  villi  (&g.  8i>.  From  tbeee  ^thelial 
mUi,  oeain,  tlio  fatty  partit^ba  ar«  pacwd  on  into  tha  Inta- 
rior  of  tbo  lacteal  ressels  (Cf^  Si  and  82),  but  how  thvy 
pnss,  and  wh&t  lavs  gorvru  tlioti  so  doiii^,  ara  not  at  pxe- 
aent  exactly  known. 

It  is  probable  that  tlte  process  of  absorplion  by  the  epi- 
thelial cells,  is  awiistiKl  by  the  prciwiiTV  exorcincd  on  tfao 
contents  of  tha  intestines  by  tbuir  contractile  wtdls ;  and 
that  the  absoriitiou  of  fatty  purticKti  is  ulno  fitdlitutad  by 
tlie  presence  of  the  bile,  the  pancreatic  and  inteslinnl  se- 
cretions which  moiatfin  tbo  alucirbiiij;  surlWe.  For  it  lias 
been  found  by  oxpeHment,  that  the  pomngo  of  oil  tIiro»);li 
•n  animal  membruiio  is  mudu  much  easier  when  the  latter 
is  impregnated  vith  an  alkaline  Htud. 

Jbtorjition  ty  tht  Lymphatic  Vfuih. 

The  real  source  of  the  lymph,  and  the  mode  in  vhich  its 
abaorpUom  im  ofTmitod  by  tlie  lymphatte  vonela,  were 
long  matters  of  discussion.  But  the  problem  lias  Ixwn 
much  siitipliiied  by  more  ooLiirute  kiiowlod|^  of  the  anato- 
mical relations  of  the  lymphatic  capillaries.  It  is  most 
probable  that  the  lyniph  is  derived,  in  ^^at  part,  from  the 
liquor  eau^'uiuia,  which,  as  before  remarked,  is  always 
exuding  irom  tlia  blood-cspillaries  into  the  intenticee  of 
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the  turniM  in  which  they  lie ;  nnd  ch&nges  in  Ibe  cha- 
ractoT  of  tlw  IfRiph  oomxpaod  vtaj  closely  with  chuiges 
in  tho  duiract«r  of  «!tlier  Ute  whole  mass  of  blood,  or  of 
tbftt  in  the  reeaeU  of  the  part  &om  vhich  the  Ijrmph  ia 
osaminod.  Thtu  Hi^rlist  fountl  tlint  tti«  congulnbilily  of 
th«  lymph  is  diractly  proportionate  to  that  of  the  blood ; 
and  that  wli«n  fluids  an  injected  into^the  blood -vf«sc>la 

TtT*'*"1"**  <iuantity  to  di.ttRiid   thom,  th«  injected  sub- 
nqf  be  almoet  directly  aft«rwaida  found  in    tho 
Ifm)[»hnU««. 

It  is  not  improbable,  howrvor,  that  some  other  matters 
than  those  originally  contained  in  the  exuded  liquor  sno- 
gniniii  may  find  ttutir  wiiy  with  it  into  tho  lymphatic 
vassels.  Farts  which  baring  entered  into  the  coai]>oBitioD 
of  a  liasue,  and,  harinf;  fulfilled  their  puritoiwi.  ir^^uire  to 
bo  rttmovad,  may  not  bo  altognthor  cscremontitioUD,  but 
may  admit  of  being  ro-organiscd  and  adapted  again  for 
tiatritton;  and  thme  may  be  absorbed  by  the  lymphatics, 
mi  daborated  with  the  othor  contents  of  the  lymph  in 
pamng  through  the  grlands. 

.  LymjA-Utartt.  In  reptiles  and  some  birds,  an  important 
auxiliary  to  the  moroment  of  tho  lymph  and  chyle  is  mip. 
plied  in  oertain  muscular  sacs,  named /i/m/i/i/ifarfi  (%.  100). 
and  Mr.  Wharton  Jones  has  lately  jdiown  that  the  caudal 
heart  of  the  eel  Li  a  lymph-heart  also.  Hie  number  and 
position  of  these  organs  vary.  In  tiroga  and  toads  then 
ai«  usnalty  four,  two  anterior  nnd  two  posterior;  in  tbo 
frog,  the  posterior  lymph-heart  on  each  aide  is  Rituatod  in 
the  ischiatio  region,  just  buueath  tlie  skin;  the  anterior 
lies  deeper,  just  over  tho  transverse  process  of  the  third 
Tert«bra.  futo  each  of  these  tBrities  several  lymphatica 
opon,  the  orificns  of  the  vessels  being  guarded  by  voliret, 
which  prevent  the  retrograde  passage  of  tlie  lymph.  From 
each  hoart  a  single  vein  proceeda  and  cotiwyn  the  lymph 
directly  into  tho  venous  systom.  In  the  frog,  the  Inferior 
lyniphatio  heart,  on   each  side,  pours  its  lymph  into    a 
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IraAdi  of  the  isoblatic  vein ;  bj  tlic  euiwrior,  tho  lympli 
U  forced  into  a.  brooch  of  ibe 
jtiguW  Tuln,  vrluuh  tsanes  ^m 
its  anterior  surfaoo,  nnd  vhiA 
bccowoM  turgid  each  timo  that 
tlw  Boc  coQtnota.  Illood  ia  pre- 
vented from  pnsung  frani  the 
vein  iulo  tho  ijiuphalic  bciort  bj 
a  vnlvo  at  its  orilioo. 

The  muscnlar  coat  of  tld^^ 
hniirtM  i«  of  variable  thickufi^H 
in  fiomo  casM  it  con  onlj  be  di>- 
i^overe<l  by  means  of  the  iniatv 
KCOpC ;  but  in  every  com  it  is  comjion^  of  traiiAvorseljr- 
fctriated  fibrvs.  Tho  contractions  of  tho  hoartK  ur«  rhyUi- 
niical,  occuiriog  about  sixty  tiiues  in  a  minute,  slon-ly,  and. 
in  ooniparifiOQ  witli  tiiona  of  tho  blDod-lii-ortH,  feebly. 
The  pulsations  of  tho  i:«rvical  pair  are  not  alvays  nyndiro* 
nous  with  those  of  the  pair  in  the  ischiatic  region,  aai 
oven  th«  correejioniliDg  sai^  of  opposilo  sidi^  are  not  alw^s 
synch rnnouii  in  tbeir  action. 

UuUke  the  contractions  of  the  blood-heart,  those  of  tlin 
lympii-lioart  ujipttar  to  hv  dimirtly  dij])oui3wit  ujiou  a  cer- 
tain limited  portion  of  tho  spinal  cord,  l-'or  Volknuuiu 
found  tiiat  so  long  as  the  iwriion  of  spinal  cord  oorrespond- 
iog  to  tho  third  vortobra  of  tlio  frog  ttus  uninjurod,  tbe 
oervical  pair  of  Ij-mphatic  hearts  continued  pulsfttinf>:  after 
nil  tlie  rest  of  the  epinul  oiird  and  tho  brain  was  doHtnjyod; 
while  destruction  of  this  portion,  even  though  all  other 

*  Fig.  100.  Lymphatic  livnK  (9  lloet  \aug,  4  liiies  liNwd)  of*  laig« 
»pedw  of  KTiiBnt.  liio  IV"'""  bi»itl8luii.  («tler  E.  Wnlwty.  4.  Tho 
cxlonml  nlluliTOOftt.  J.  Thp  lliii'k  niuaculnr  coat,  four  uiascular 
folurmm  run  acnw  it*  csvity,  wliiclicoininuaiciitto  irilL  lliiw  Ijmiph*- 
llct  (I— only  one  U  »on  hsni),  with  two  vHni  li,  1).  6,  The  lOQoalh 
Uniii](til0Tii1>raTiD  ofthd  cnvlly,  7.  A  aaM  nppondngt,  01  auricle,  tlie 
ovily  of  w1l1i;!i  in  cuutinuuae  witli  tlitl  of  th«  nsl  of  th»  orgUk 
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of  the  nerroiu  oentres  woio  uninjured,  initbinUy 
arrested  tiie  heart's  movemcnta.  The  poeterior  or  ischiaiic 
pair  of  lyiQpli-hwtrta  wero  found  to  ht>  gavnTatd,  m  lUcu 
nunDer,  by  the  portiim  of  apUial  cord  corresponding  to 
the  «tglilh  Tert«ltrB.  DlTuuoa  of  tho  po!it«rlor  sptoal  roots 
did  not  ornist  the  moraneDfa ;  but  division  of  tlio  4iiit«rior 
roots  caused  them  to  cease  at  once. 
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Alitorption  by  Blood-vattU, 

Tlio  prnooffi  thus  aomnd  in  that  wliioli  Itaa  bceo  com- 
nonly  caUed  abtorjitioii  hi/  tk4  <c(in»:  hut  the  term  h«ie 
employed  seema  preferalile,  since,  though  tho  material* 
abaorhod  uv  cominimlf  fouud  in  tho  veins,  tliia  u,  uol/ 
becituae  they  &ra  cnrried  into  them  vith  the  circiilstiog 
)>1o<m],  (iJliT  heiiiR  absorhed  hy  all  the  ,blood-veH«eUi  (but 
chi*Hy  by  tho  tnpillaricii)  witli  which  they  wcro  jilacod  in 
eontai:t.  There  is  nothing  in  tho  mode  of  absorptlou  by 
blood- Ti»uel>%  or  in  tho  otru^turo  of  T«inN,  whidi  l-iid  mnlca 
the  laltor  more  active  than  ortorioe  of  tho  same  siz^  or  bo 
active  aa  the  eapiUariee,  in  the  process. 

Ill  tlifl  abctoqilioH  by  the  lympluitii'H  or  lacteal  vuHiiels 
jmtt  described,  there  appears  somotking  liko  tho  oxerciso 
of  dioice  in  the  materials  admitted  into  them.  But  the 
absorptiou  by  bIood<Tessels  prL-si.<iilj|  no  audi  appiiarniict) 
of  selection  of  materials;  mthor,  it  appear*,  tliiit  every 
substance,  whetiier  gaseous,  li(|uid,  or  a  soluble  or  minutely 
divided  solid,  may  bo  iibnorbcd  by  tho  blood 'Veitstila,  pro- 
vided it  is  capable  of  permeating  their  vaUn,  and  of 
mixing  with  tho  bli-jod ;  luid  tliat  of  all  auch  bubstancoe, 
the  mode  and  measure  of  nbtorption  ore  determined  solely 
by  their  pbytdoal  or  chemical  properties  and  conditions,  and 
by  tbowo  of  tho  blood  and  the  walls  of  the  bbod-vceiscls. 

The  phenomena  arc,  indeed,  exactly  comparable  to  that 
powage  of  fluids  through  membrane,  wlucli  ck^cuts  quite 
independentty  of  vital  conditioofl,  and  the  eiirliest  and  best 
acieutific  inrcstigntion  of  which  waa  made  by  Dutiocbet. 
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The  mstnimMit  irluc<1i  lio  vmployml  in  his  experimpnts  wm 
DKined  nn  cndosmometer.  It  may  oonnat  of  a  gra^nntod 
Pia.  tot         ^^^  cxpimd«d   into  an  opeumouthed  bcJl 


kt  onn  Mul,  oriir  whidi  u  portion  of 
brftoe  is  tiod  (fig,  lOl).  If  now  the  bell  bo 
filled  with  a  soluiion  of  a  salt — aay  chloride 
of  sodium,  iinil  lie  immeTstKl  in  wntt^r,  tho 
water  wiU  pau  into  the  eolution,  and  part 
of  the  Ndt  will  pass  out  into  tlio  waturj  tb« 
water  will  pius  into  the  solution,  much  ni<Hre 
rapidly  than  the  salt  will  poM  out  into  the 
water,  aiid  the  diluti^  oolution  will  Hm  in 
tho  tube.  To  this  pftsengo  of  fluids  thtOU|;b 
tnembrano  the  Utrm  Osmusii  U  ap])lied. 

Tliu  uulure  of  th«  luimtbruno  u*od  m  b 
eeptum.  and  its  aiGni^  tor  tho  fluids  sub- 
j(!cted  to  experiment  haro  an  impartaat 
inllucncti,  aa  might  bo  onticipotod,  on  the  ra- 
pidity and  duration  of  the  osiuotio  curreuL 
Thua,  if  a  piece  of  ordiuuiy  hlmldnr  tic  used 
aa  the  septum  between  wator  and  alcohol,  the  current  b 
nlinoKt  Roluly  irom  the  water  to  the  aloohol,  on  account  of 
the  much  greater  afRntty  of  water  for  tlua  kind  of  meni- 
brauo;  while,  on  the  other  hanil,  in  the  case  of  a  meinbnuje 
of  caoutchouc,  t!ie  alcohol,  CVom  its  greater  affinity  for  thie 
aubstauce,  would  pass  Ireuly  into  the  water. 

Various  opinions  have  been  advanced  in  regard  to  the 
natiire  of  the  force  by  wliich  fluids  of  difbrcnt  chmnical 
composition  tlius  t«nd  to  mix  through  an  interveiuD^ 
membritne.  According  to  some,  this  power  is  the  rosolt 
of  the  different  degrees  of  capillary  uttraction  exerted  by 
tlie  pore*  of  tho  membrane  upon  tlio  two  Quids.  Prot 
Uraham,  liowever,  believes  that  the  paasuge  or  osmose  of 
water  through  membrane  may  be  explained  by  supposing 
that  it  couibinea  with  tho  membranous  septum,  which  thua 
become*  hydratcd,  and  that  on  reaching  the  otlier  side  it 
partly  leavea  the  mcm\irajie,  which  thus  hecomea  to  a 
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1  certoiD  dcgreo  de-hydratocl.  For  cxamplo,  a  mombrano 
«ucli  as  that  used  in  tlie  «n<losmoiDeter,  is  hydrated  to  a 
'decree  If  plac«J  in  ptuv  irat«r  tlinn  in  a  iii>iitral 
if^Ution.  Hence,  in  tho  ciue  of  the  ondosmometar 
£lled  with  the  ealiae  solution  and  placed  in  water,  the 
«<[uilibriuni  of  hydration  in  dilfert^nt  on  tlio  tvro  tides ; 
the  outer  eurfooe  being  in  cont&ct  with  puro  water  tends 
to  hydrate  itanlf  iu  u  higher  degree  than  the  inner  aurCnca 
4]oc«.  "  When  tho  full  hydration  of  tho  out«r  surfaco  ex- 
tends through  the  thiokoeaa  of  th«  memhTane,  and  readies 
the  innor  surface,  it  tlit-re  rui^nirc!!  a  chc<;)c.  Tlif.  degrcia 
of  hydration  ie  lowerod.  and  water  must  bo  girca  up  by 
tho  tnn«r  layer  of  tho  DMunbrano."  Thus  the  onoow  or 
«uiTent  of  water  through  the  membrane  is  caused.  The 
pasngo  oJUirardt  of  tho  snlino  Kilutioii,  i>n  tlio  other  Jiand, 
is  not  due,  probably,  to  any  actual  jluid  current;  but  to  a 
solution  of  tli«  Knit  in  sucooonve  layon  of  tlie  water  con- 
tained in  tho  porps  of  tho  mcmbriuu;,  until  it  reaches  the 
outer  soT&ce  and  diffiutt  in  the  water  there  aituato. 

Tlnin,  "  tlio  wiiliT  mcivi-incnt  in  osmose  is  an  nflair  of 
hydration  and  of  de-liydralion  in  tho  substance  of  the 
mcmbrano  or  other  colloid  iteiitum,  and  the  diffusion  of  tho 
saline  solution  placed  n-ithin  tho  oamomctnr  hua  littlo  or 
nothing  to  do  with  the  osmotic  remit,  otherwiae  than  as  it 
affects  the  rtato  of  liydraiion  of  the  septum." 

Prof.  Graham  has  cloceed  Tarioufl  tubstonooi  socording 
to  the  iIogTMi  in  which  they  poasMS  tills  property  of  passing, 
when  in  a  state  of  >i<ilution  in  watur,  through  merabrone ; 
tboM  whi«h  paaa  fr^ly  bping  termed  criftUiiloidi,  and  those 
irilich  pass  with  dinic:ulty,  eoUoUh. 

I  This  distinction,  hovirrpr,  bctweon  coUoidn  and  crystal- 
loids whii^h  is  mude  the  basis  of  their  classification.  Is 
by  no  inoana  the  only  diffcmnoe  between  thom.  Tho 
coHoidt,  besides  the  abaeaco  of  power  to  assume  a  crj-stal- 
liuo  form,  are  charnctorisod  by  thi-ir  iuerlui»s  as  acids  or 
bases,  and  fcvbleneas  in  all  ordinary  chemical  relations. 
Examples  of  them  ore  found  in  nlbuniAa,  goUAln,  tftKttAx, 
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hydnttod  alumina,  hydntod  silido  acid,  «te. ;  whilo  Uin 
trgstailouit  are  characti>riEed  by  qunlitifls  tka  rcverae  of 
thoae  jiut  nvHitiuucd  a»  bdooging  to  ceiloid*.  Alcohol, 
sugar,    nad    ordiuaiy  xUino   Bubslunt'ea    ore  exaraplea  oT 

Absorption  \>y  blood-VG«a^  is  tha  consequence  of  Uieir 
wnll*  hoing,  liko  Iho  membriuious  ceptnm  of  Uie  «udas> 
iDOinel«r,  porous  and  capable  of  imbibing  fluids,  oad  of 
Uio  blood  being  so  composod  that  most  fluids  irtU  ming^o 
with  it.  The  proceeo  of  absotplion,  in  na  instroctJTO, 
thougb  very  imimrfi-ot  degree,  may  be  observwl  in  any 
portion  of  vftscuUr  tissuo  removed  from  thn  body.  If  sucIl 
an  one  be  placed  in  u  vixisel  of  water,  it  will  shortly  swell, 
and  bficomu  henvier  and  nioii>ti>r,  through  tho  <juantity  of 
wutor  inilibcd  or  Eoalied  into  it;  and  if  now,  the  blood, 
contained  lu  any  of  its  vcsscU  bo  lot  out,  it  will  be  found 
diluted  with  water,  whirh  hns  boon  absorbed  by  tho  blood- 
Tcssels  and  mingled  with  the  blood.  The  water  round  tho 
picnic  of  tisane  aloo  will  l>ecomn  blood-xtaiued ;  and  if  all 
be  kept  at  perfect  rest,  the  stain  derived  from  tho  ttolntloa 
of  the  colouring  matter  of  tho  blood  (togutlier  with  which 
chomistty  would  detect  some  of  tlin  albumen  and  other 
parts  of  the  liquor  sanguinis)  will  thread  mora  widely 
creiy  day.  Tho  sumo  will  happen  if  tho  pieee  of  tissno  bo 
placed  in  n  saline  solution  instead  of  water,  or  in  n  aolutlon 
Of  colouring  or  odorous  matter,  either  of  which  will  giro 
tluiir  tinge  or  smoll  to  tho  blood,  and  recoive,  in  exduiige^ 
the  colour  of  tho  blood. 

Ercn  so  simple  an  experiment  will  illtiatrate  the  ab- 
sorption by  blood-vessels  during  Ufe ;  the  process  it  shows 
is  imitated,  but  with  these  differences ;  that,  during  life, 
as  soon  na  water  or  any  other  substance  is  admillo'l  into 
the  blood,  it  is  carried  from  the  place  at  which  it  was 
absorbed  into  the  general  current  of  tho  circulation,  and 
that  the  colouring  matter  of  the  blood  ia  not  dissolved  so 
as  toocDW  out  of  tho  blood-vessels  into  the  fluid  which  they 
are  absorbing. 
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Thn  nbsorptioD  of  i^tises  by  the  blood  niAf  bo  thus  simply 
imitated.  If  veiMiu  blood  ha  Kuxpnndod  in  a  moist  bladder 
in  Uio  air,  its  surfnoo  will  bo  reddenod  by  tho  contact  o( 
oxygen,  which  ia  first  dis^olv^  lu  the  Uuid  that  molntens 
tlie  bladder,  and  is  tlica  (TufricJ  in  tho  fluid  (o  Iho  Hurfaoe 
of  th«  Uood  :  while,  on  the  other  hand,  watery  vapour 
and  carbonio  aeid  will  paaa  through  the  m«QibmDe,  tmd  bo 
exliali<d  into  tlto  air. 

In  all  thc«ie  cases  alike  there  ia  a  mutual  interchangfl 
betiroeD  t}in  iiulwtuii(«!i ;  while  tlio  blood  ii  receiving  walcr, 
it  is  giving  out  its  colouring  matter  aod  olhor  constittioots : 
or,  while  it  is  receiving  oxygen,  it  is  giving  out  carboiiio 
acid  and  water  ;  ho  tlint,  at  the  end  of  tho  osporimoiit,  tha 
two  Bubaiancea  «mpIoyed  in  it  are  mixed ;  and  if,  instoad 
of  a  pi«ce  of  tissue,  one  bad  talcen  a  singlo  Uood-reasd 
full  of  bloo<l  and  plaw^d  it  in  tho  watnr,  both  blimd  and 
water  would,  after  a  time,  have  been  found  both  inside  and 
outude  the  vessel.  In  such  a  case,  roor«or«r,  if  one  wcro 
to  dctormiDO  accurately  tho  quantity  of  water  that  paued 
to  the  blood,  and  of  blood  that  passed  to  the  water,  it 
would  be  found  that  tho  fonnor  was  alwaya  greater  than 
tho  latter.  And  so  with  other  substances;  it  almost  always 
happens,  that  if  the  two  liquids  placed  on  oppoute  sides  of 
a  mcQibraiiv  bo  of  diCTsTVDt  densities  or  specific  grarities, 
a  larger  quantity  of  the  less  donw  fluid  passes  into  the 
more  dense,  than  of  the  latter  into  tho  former. 

flie  rapidi^  with  which  matters  may  be  absorbed  from 
the  stomach  probably  by  the  blood-veaHuIs  thielly,  and 
diffa-Hid  tlirotigh  the  t^'Xtures  of  the  body,  may  bo  gathered 
from  the  history  of  some  experiments  by  Dr.  Benoe  Jones. 
From  these  it  appeum  tltiit  even  in  a  quarter  of  an  hour 
after  being  giwii  on  an  empty  stomach,  chloride  of  lithium 
may  be  ditfused  iuto  all  th«  vaecnlar  lexlurea  of  the  body, 
and  into  somo  of  the  non-vaseulur,  us  tho  cartilage  of  tita 
hip-joiat,  as  well  as  into  the  aqueous  humour  of  tho  eyv. 
Into  tho  outer  purt  of  tho  t'n>*atnlliiio  lens  it  may  pass  after 
K  time,  Taryiog  from  half  an  hour  to  an  hour  and  a  half. 
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Carbonat«  of  Uthis,  whon  tnkcn  in  firo  or  ten  grain  A<Mm 
oil  an  empty  stomadi,  may  be  detected  in  tlia  urine  ia  5  or 
10  miniilf-H ;  or,  if  llio  HtcmnncJi  ko  full  nt  tlio  Itoin  of  IflkJny 
the  dow,  in  20  minutos.  It  nifty  sometimes  be  detected  in 
tb«  uriu«,  monaver,  for  *ix,  Keren,  or  eren  eight  days. 

Some  experiments  on  tJie  absorption  of  varions  miDsral 
and  vegetable  ])oi«onfl,  by  Wr.  Savory,  liave  brought  to 
light  tbn  ringulur  fact,  that,  in  Homo  coses,  absorption 
lakes  place  more  rapidly  fi«m  the  rectom  than  from  the 
atomat'li.  Slrjchniu,  for  example,  when  in  solution,  pro- 
duces it*  iwisoiiouii  effects  much  mnro  spredily  wlien  intro- 
duced into  the  rectum  than  into  the  etomach.  When 
intmdiK'od  in  tlie  solid  form,  liowevor,  it  is  abitorbed  mora 
rapidly  from  the  stomach  thnn  from  tho  rectum,  doubtlem 
because  of  the  greater  solvent  i>roi>erly  of  the  secretion  of 
the  fonn'T  ttuin  of  tbi»t  of  Ihn  Inltcr. 

Wilh  rcpard  to  tho  degree  of  absorption  by  livin;* blood- 
ressclH,  much  dppciids  on  tlie  fni'ilily  witli  whicli  tbo 
wibulnn™  to  Ix)  nbsnrbod  cnn  penetrate  the  membrane  or 
tissue  whith  Hen  between  it  and  Hio  blood-vesadii;  for, 
nuttirnlly,  tlie  blooil -vessels  oro  not  bnro  to  absorb.  Thus 
absorption  will  hardly  take  place  through  tlie  epidemiis, 
but  in  ([iiit^k  when  thn  epidermis  is  nrraoTrd,  iind  the  Kome 
vessels  aro  covered  with  only  the  surface  of  the  cutis,  or 
vith  granulation!!.  In  graeral,  tlie  absor^itioit  tliroi^h 
membrnncs  is  in  an  inverse  proportion  to  tlie  thickness  ot 
their  epitlielia  ;  so  Miiller  fiiiiud  the  nriuary  bladder  of  & 
frog  traversed  in  less  thnn  n  second ;  and  tho  nbsorptioa 
of  poiseuR  by  the  sTomach  or  lungs  appears  MHuetJmea 
scenmpliidied  iu  an  irorona$urably  small  time. 

The  substance  to  be  absorbed  mnst,  as  a  general  rule,b« 
in  Uie  lifptid  or  gaseous  state,  or,  if  a  eoliJ,  must  1«  solubla 
in  tiie  fluids  with  wliich  it  is  brought  in  («ntiiet.  Ilcnet 
the  marka  of  tattooing,  and  the  discoloration  produced  by 
nitrate  of  silver  taken  internalh',  remiiin.  Mttreuiy  may 
bo  absorbed  cyeoi  in  the  metallic  slate ;  and  in  that  state 
may  pass  into  outii  temiuTi,  m  V\i«  bleud-Tcsseh!,  or  ba 
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fkma  thmk  (Oaterleo) ;  and  muh  sub«taiu«a  as 
tj  flaely^-dh^ded  uhurco^l,  when  token  into  the 
•Ununtuy  <;iuiitl,  Uav<!  Ihhii  fdiinil  in  tito  nuiscntcric  veins 
(Oeetorl«n) ;  th«  insolubla  m&tcrials  of  ointmeDts  may  also 
be  rubbed  into  the  blood-Teasels;  but  there  are  no  beta  to 
detemiino  hoir  tlmtn  nirioiu  *ub»taiK!(«  vSuct  their  puts- 
age.  Oil,  minutely  diTided,  aa  in  nn  emulsion,  will  pass 
Hlonly  into  blood- vessels,  as  it  will  througU  a  filter  mois- 
tened nith  water  (\'og>3l];  and,  without  doubt,  fatty  mnttcnt 
find  Ibelr  way  into  tltu  LIood-vt!s«cb  tw  wdl  as  the  lym^ih- 
TOn^  of  the  intcsUniil  canal,  nltliough  tlie  latter  vmm  to 
be  specialty  intended  for  their  absorption. 

As  in  die  esperimeut*  beforo  nfuTTcd  to,  tlio  less  dense 
tho  flutd  to  bo  abvorbed,  the  more  speedy,  as  a  gfuorol 
rule,  ia  its  absorption  by  tJtfi  living  blood*  veesels.  Hence 
the  rapid  ubnorptioii  of  water  &om  the  itonacjt ;  also  of 
veak  saline  solutions;  but  with  strong  solutions,  thero 
!itra  less  alisorptiou  into,  tluut  eflu&iou  from,  tlio  blood- 

The  absorption  is  tlie  less  rapid  the  fuller  and  tenser  the 
blood>T«sol>  ore ;  and  tlio  teniiion  may  be  an  grcjit  as 
to  lunder  altogether  the  entrance  of  more  fluid.  Thus, 
Mugcudio  found  tliut  wtion  lio  injocti^  wat«r  into  a  dog's 
TBiss  to  repletioD,  poison  was  absorbed  very  slowly ;  but 
vben  lie  dimiuished  the  tension  of  the  resaeb  by  bleeding, 
dw  poison  acted  quickly.  So,  when  cupping -glasses  are 
placed  over  a  poisoned  wound,  they  retard  the  nbsorption 
of  tliR  poison,  not  only  by  diminishing  tho  velocity  of  tliu 
circulation  in  the  port,  but  by  filling  all  its  vessels  too  full 
to  admit  more. 

On  the  same  ground,  absorption  is  the  quiokor  the  more 
rapid  the  circulation  of  the  blood ;  not  because  the  fiuid 

I  to  bo  absorbed  is  more  ijuidcly  imbibed  into  the  tissues,  or 
nuBgled  with  the  blood,  but  bocaum  as  fast  as  it  ontois 
the  blood,  it  IS  carrit'd  away  from  the  part,  and  tJis  blood, 
being  coni^tanil}'  r«now<'d,  is  constantly  as  lit  as  at  the  finL 
for  the  reception  of  Ihe  substiui(;u  tO  bo  absoi\re^ 
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NrTiiiTioN  or  niitritivo  uwimiUtion  is  tlint  modification 
of  the  formativo  pTooesB  pecutiar  to  living  bcdira  by  irbicli 
tiasueii  uiid  orgoiia  ntreadjr  fonnod  mmutuin  tlieir  iDtegritf. 
Ity  tlio  iiic«r[)cirntii>n  of  I'rc-sh  nutrhiva  principlm  into  their 
sutiBtance,  the  lusa  coiuequeot  on  the  wa^te  snd  natunJ 
licoaj'  of  thi'  coinponent  pnrtidoK  of  tlio  tiMtuca  in  repaired ; 
luid  «ach  vlcmeiitnt?  particle  wtftnt  to  bnrc  tbo  pownr  not 
only  of  attracting  matcrJab  from  tlie  blood,  but  of  oauaing; 
them  to  lusumo  its  structure,  uid  pnrticiipatQ  in  tt«  vital 
properties. 

Tlie  ralatioiis  between  development  and  growth  baTo 
been  alr«adj  stated  (('hap.  I.) ;  uador  tlio  head  of  Nutki* 
Tiox  will  bo  now  considered  lh«  procM*  by  wbich  parts 
aro  mointainod  in  the  samo  general  conditious  of  form, 

e,  aud  Liiinpoctttion,  wliicli  tlii'v  havo  idrcady,  by  ditrclop- 
Dont  and  growth,  attained ;  and  this,  Qotwitti&taadiog 
continual  changes  in  their  couiponent  pnrtjules.  It  It 
by  this  proue»  Uiat  nu  adult  person,  in  ticiillh,  i*  main- 
taiucd,  through  a  series  of  some  years,  uith  the  same 
genn-ai  outline  of  fualures,  the  siinie  cim  aud  form,  and 
perhaps  even  the  Rumo  weight;  alihough,  during  all  this 
time,  the  several  jiortlona  of  liis  body  are  continually 
changing :  their  pnrliclus  decaying  and  being  r«inovod, 
aud  then  replaced  by  the  foiiuatton  of  new  oneis,  which, 
in  tlioir  turn,  also  die  tiad  piiu  away.  Neitlier  is  it  only 
n  general  siintlitrtty  of  tlio  whol«  l)ody  wbicti  is  thus  main- 
tained. Rvory  organ  or  part  of  the  body,  as  mu.h  an  tha 
iriiole,  exactly  xaaiuU.i'aa  iVa  Witt  axA  cq^s.y^''^'^'^^,  u^ 
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tliA  iutao  of  the  cfaange*  oontinualljr  taking  place  anoDg 
ita  puticlea. 

The  cbxngo  of  oomponinit  pnrlid«>,  in  which  the  natri- 
tioa  of  organs  ooosials,  is  most  erideutly  nhowii  whno,  in 
graa'th,  lh«y  tnaintnm  thoir  form  and  othor  genorol  charao- 
tora,  but  incraoEe  in  mm.  When,  for  example,  a  lon^ 
boDS  increases  in  ciroumfbretoo^  nnd  in  Uin  Ihicknon  of 
its  vnlU,  whili.',  at  tho  iinino  time,  ita  modullary  cant; 
enlarges,  it  con  only  be  hj  the  ndditian  of  materials  to  ita 
«xlcrioT,  and  a  iwinnidL>at  mnoviil  of  tluim  from  tho 
interior  of  its  wait ;  and  so  it  must  be  with  the  growth  of 
ov«n  tlie  miauliHit  portions  of  a  tiasuo.  And  thut  a  Himilar 
«faange  of  particles  takes  place,  even  while  parts  retain  a 
perftK-'l  iiuifiMmity,  raay  be  proved,  if  it  can  be  ahon'n  that 
aU  the  parts  of  tint  body  ar«  aulgect  to  waate  and  impair- 
ment. 

In  many  parts,  tli«  rcmoral  of  particles  is  flridcnt. 
Thus,  as  will  bo  shown  when  speaking  of  secretion,  the 
elementary  struuttuea  componng  uplands  are  tho  parta  of 
which  tho  secretions  are  composed:  each  gland  is  con- 
ntnntly  caHiin^  oif  ila  cells,  or  tlietr  oootents.  In  the 
secrotioD  which  it  forms :  yet  eadi  gland  maintains  its 
ain>  and  proper  eorapoaidon,  because  for  every  cell  cast  off 
n  now  ono  is  ]>roduced.  So  also  tho  epidermis  and  all 
aticb  tissues  ar«  maintained.  In  tho  muscles,  it  looms 
nearly  d-rLaiu,  tliut  each  act  of  contraction  is  accompanied 
with  a  change  in  tlio  componitioii  of  tlui  contracting  tiasoe, 
although  the  change  from  tliis  cause  is  less  rapid  and 
«xtoDtiiTn  than  was  once  supposed.  Thence,  the  derelop- 
meat  of  heat  in  acting  muscles,  and  thonco  tlie  dischargo 
of  urea,  carbonic  acid,  and  water — the  ordinary  prodocte 
of  the  dccoR)po*ition  of  tho  oninud  liiwuud — wtitdi  fol- 
lows all  aclivu  imiHUular  cx^rciao.  Indeed,  tho  researchea 
of  Ilolmholtx  almost  demonntruto  tite  chcmicnl  change 
that  muscles  undergo  af^er  long  -  ropootod  contractions ; 
yet  the  musclcn  retain   their   atnielure   and  oompoeltioD, 
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bccauM  lbs  particles  thus  cluuiged  arc  replaced  by 
new  OHM  rc«mitliiig  tliow:  wliich  pi«(«dcd  Uiom.  "So 
iigaiD,  ihe  inor«afia  of  alkaline  pUospliatee  discharged  with 
ibo  tirinu  after  grout  Dittntul  cxtTrtion,  Kxiai*  to  prove  tlui 
the  variotis  orU  of  tho  nvrrous  evstoiii  are  attended  with 
oliaufce  in  the  composition  of  the  nervous  lissue ;  yet  iho 
noadition  of  that  luiaiui  in  maiiitaim^d.  lu  short,  for  eveiy 
tissue  there  is  sufBcient  ovidenco  of  impairmciit  in  tba 
discharge  of  its  ftiiiutioiui :  without  such  change,  the  pro- 
duction or  rosiRtiuice  of  pb^col  force  is  hardly  coiieeiTablA; 
and  the  proof  as  well  as  the  puqtoee  of  the  natritiTe  pio- 
OOU  appears  in  tlie  repair  or  r^phtceineut  of  the  dianged 
particles;  so  that,  notv'ithstiindiiig  its  loseos,  each  tienw 
i»  niaiiiluiiit^d  unchaoi^ed. 

Uut  b«»i<tps  thi:  impairment  ond  chango  of  compoatioa 
to  which  all  ports  are  subject  in  the  di«charge  of  th«ir 
naturat  functions,  au  amount  of  impunnent  vhlch  will  bo 
in  direct  proportion  to  their  notivity,  they  aro  all  liable  to 
decay  and  degeneration  of  their  particles,  even  while  thdr 
naturul  ectionit  are  not  cailoil  forth.  It  may  bo  proved, 
aa  Dr.  Carpenter  first  clearly  showed,  that  every  particle 
of  the  boily  i*  formed  for  a  certiuu  periiid  of  exisleucv  in 
tbo  ordinary  condition  of  active  life;  at  the  end  of  wliich 
period,  if  not  previously  destroyed  by  outward  force  or 
CKcrciae,  it  degenerates  and  is  absorbed,  or  dies  and  u 
cast  out 

Tlic  simplest  esamplos  that  can  be  adduced  of  this  are 
in  tho  hair  tind  iL-alh ;  and  it  mny  be  olmi^rveil,  that,  in 
tho  process  which  will  now  bo  described,  all  the  great 
featureit  of  the  process  of  nutrition  seem  to  be  re- 
presented.* 

An  (.-yelaah  which  naturally  falls,  or  which  can  be  diaim 


*  ThMs  and  other  bituiro  ore  teUteJ  more  in  detail  in  Mr.  P»S(-1'« 
Lectures  oa  Snripcal  Patliology,  from  wbicb  thit  cbi>[>tor  wu  originally 

nritlcn. 
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out  witlunit  pain,  is  one  that  hu  Ured  Jto  suturat  timo» 

and  hoM  died,  nnd  be«n  Mpaiated  from  tliu  living  |>aTta. 

Id  its  bulb  such  uq  oii«  uiU  bti  ftmnd  difForent  Jxgm  thorn 

tliat  ue  olill  living  in 

au;  period  of  dieir  age. 

In  (be  early  puriud  of 

dio  gToiTlli  of  a  dork 

egrelaah,  the  uedulUu)- 

aalntauue  appears  liko 

BO  LDterior  cjUnder  of 

darktr    granular    6ub- 

aUnco,  oonttniied  down 

to    tli«    detrpoat    part, 

irfa«r«  tbfl  bair  enlarffea 

to  tana  the  bulb.    Tbu 

nlBi^pmiGait,   irhich  is 

of  neorlj  cup-like  form, 

appean   to   depend  on 

the     ftnmmulatioa     of 

nudealed    ix-Ilei,    who»o 

nuclei,     according      lo 

tb«ir       pnaitiun,       ar« 

either,    by    narrow  ing 

«otl  i^ongolion,  to  form  tho  fibrou-s  ftubsltinco  of  the  outer 

part  of  the  growiog  and  further  protniding  Iiair,  or  are  to 

be  Irauafbrmcd  iuto  the  grauulur  matter  of  its  medullary 

portion.     At  the  time  of  early  iind  most  nctivc  growih,  all 

the  cells  and  nuclei  cuuiuin  abundant  pigment-matter,  and 


*  Tiff.  toa.  Intended  to  Tcprctcnt  tlio  cliniigBs  utidcrgoDo  hy  u  luir 
loww^a  the  vloH  of  Ita  p«riad  of  cxUlsnoe.     At  a.  ilnactiTityof  growtU 
,  Jsdiniloi'hinXi  <■  hIiowii  hy  lit*  itnnU  iitiuntlty  of  ;i)|[mcDt  rontjiincil  in 

I  etlU  of  th«  ]>ul|i,  aiiil  by  tb*  iiitcmipti-J  liiii'  ftf  Antic  iiioilnliary 

-tMhttaiicn.  Al  e,  jiiuvision  in  \>iuiii  uinJu  for  tLi<  rurmiili'iu  uf  »  t)«r 
blir,  bf  tb«  growth  uf  n  nnr  pii1[>  udutu'cti'd  with  tlio  I<ul|}  or  cipiol* 
of  Uw  old  hale,  il  A  hair  at  ttie  vud  of  it>  i>Ftiod  of  lifb,  dcpriml  of 
ita  ibMtii  Mid  of  ths  iiino  uf  cclU  cocipoiiiig  tlin  piilp  of  a  liriiig  hair. 


NCTRITIOS. 

tbe  wJioIe  bulb  looks  nearly  black.  Th«  aotircefl  of  the 
nutteriul  outof  wlitch  tliu  aAU  fvnn  lli(!in»clrc«  nro  at  lenot 
two;  tfao  inner  xaiUtco  of  the  sheatli  or  capsule,  vhicli 
dips  iuto  tins  fikin,  enveloiiiDg  tlio  h&ir,  and  tho  ourfoco  of 
m  Tucular  pulp  vrliich  Ste  in  it  conical  cat!^  Id  tho  bottom 
of  tho  Lali--bulb. 

Such  is  tUo  ntaln  of  piirtit  no  long  oh  tlii>  growiag  hjur  ia 
all  dork.  But  as  tho  hair  approiK-hes  the  end  of  ib 
existence,  itisload  of  tlie  ulmost  vuddfin  «nlargom<>Dt  at  it> 
bulb,  it  <>nljr  Birclls  n  littlo,  and  tlion  tapors  nearlj-  to  a 
point }  tho  coniciU  cavity  iu  its  base  is  contrafilnid ;  aud  tiui 
cuIIn  prodii<«d  on  thn  inntfT  furfiico  of  tho  capsuto  contain 
no  pigment.  Still,  for  Bomo  time,  it  continues  tlius  to  lire 
nud  grow  ;  and  (lio  rigour  of  tlio  pulp  laittH  rnllicr  longor 
tbnn  tbot  of  tho  sheath  or  cnpaule,  for  it  continuoe  to  pro* 
duce  Ji)^ent-niu1t<.>r  fur  tlio  meduUaij  Bubslance  of  tlie 
bair  ont^r  tho  rnrticnl  mibatanco  liiu  bccomo  vhttc  Thus 
the  column  of  durk  modullary  substance  appeora  paler  and 
more  fcleudi-'r,  and  jwrluipii  inti-'miplod,  down  lu  tbo  point 
of  tho  coninil  pulp  which,  tlnyiigli  snmllor,  ix  ittill  distinct, 
because  of  the  pifjtaent-cello  covering  its  surface. 

At  length  tho  pulp  vail  bo  no  lunger  diaoemed,  and  iin- 
coloured  cells  are  alone  prochici^tl,  mid  mnintaJa  tJio  latoat 
growth  of  the  liair.  With  lliese  it  appears  to  grow  y«t 
liomo  fiirthnr  diiftanoo ;  for  triiccs  of  tlic  elongation  of  th«ir 
nuclei  into  fibres  appear  in  lines  running  ftom  the  inner 
nurfu(.-u  of  tli<!  <-up«nhi  inwnrd.i  and  ulung  tlio  surface  of  the 
hairi  and  the  column  of  dark  medullarj  substance  ceaaee 
at  some  diataw^o  above  the  lower  end  of  the  oontractod 
bnir-burb.  The  end  of  all  i^  tlio  completo  doBure  of  the 
conical  cavity  in  which  the  hair-pulp  wsa  Iodg«d,  (lie 
cessation  of  tlio  production  of  new  ci^IIit  from  tho  inssr 
surface  of  the  capsule,  and  tho  detachment  of  the  hair 
which,  as  a  dcud  pnrt,  in  w-parnted  and  full*. 

Such  is  tho  life  of  a  hair,  and  such  its  death ;  which 
death  is  spontaneous,  uido{>endent  of  exfirctsa,  or  of  any 
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meohaoical  extcmal  force— tlie  nabiral  leimtaation  of  a 
oortiiin  period  of  life.  Yet,  brforo  tho  hnir  die*,  proviaioa 
ita  Buooessor :  for  when  its  |*rowth  is  filling, 
IjcIow  it*  Imsft  a  dark  spot,  the  gwm  or 
yonng  pulp  of  tho  now  hair  covered  witli  cells  wmtniiitng 
pigment,  and  oAvn  conaected  bj  a  smos  of  pigment  oolb 
with  thii  old  pulp  or  cnpMiiIn  (Gir-  102,  n). 

Probably  there  is  an  iotimnto  nunlogy  bctwcoii  tho  pro- 
cees  of  sucueaaive  lifu  aud  death,  and  life  comniimicated  h> 
U  tuoceKKtr,  wbicii  is  h^re  shown,  and  that  whicli  oonatitutc* 
the  ordinary  DutHtion  of  a  part.  It  mny  be  obji^cted,  that 
tho  death  and  cnsting  out  of  tho  iiair  cannot  he  imitated 
in  internal  parts ;  therefore,  for  sn  example  in  which  tho 
aammed  absorpdon  of  tbu  wimi-out  or  d«';^werato  internal 
particles  is  imitated  in  larger  organs  at  llio  cud  of  their 
appointed  period  of  life,  the  in^tanoo  of  tho  deciduous  <»- 
milk-teeth  may  bo  nddnced. 

Each  milk-tooth  is  develop- 
ed front  its  g«tnn  ;  and  tn  llio 
coarse  of  its  own  development, 
separates  a  purliun  <if  itwlf  to 
be  tho  germ  of  its  successor; 
and  each,  having  reacbod  ita 
perfection,  retains  for  a  lime 
its  perfect  state,  and  siill 
lirea,  though  it  doc«  not  grow. 
Dut  at  length,  ns  Ibe  new  tooth 
<wmea,  the  dedduous  tooth 
dies;  or  rnthcT  its  crown  dies, 

and  is  cast  out  like  tlie  dvud  hair,  whilfi  its  fiang,  with, 
ita  bony  »h('athin^,  and  rasoular  and  nervous  ptilp,  do* 
generates  and  is  absorbed  (%.  103)-     The  d^cneralioQ  is 


Fi^.  103.  • 


•  Pi^.  103,     Seetloiiaf  A|inrllanoftlii>iipi<rrjnwnf  urliil<l,slii>wiiig 
n  Dew  tu^ili  In  jirocoM  of  fnnnuXia,  liiu  taug   of  llie  ooTi'i<i}ioinilli>x 


jSo 


XOTElTlOy. 


ncccitnpftnied  bj  tmoM  imknovn  spoulaneouH  decompoeJtioa 
of  the  fkDg;  for  it  uouM  ii[>t  he  nbnorbcd  nnlcSA  it  wu 
first  so  cliaDg:ed  as  to  be  soluble.  And  it  is  degeoeration, 
not  death,  which  preoedM  its  nMnoral ;  fur  nthim  h  tooth- 
lang  dies,  «s  that  of  tko  Kccond  tooth  docs  in  old  ag9,  tlwD 
it,  lA  not  absorbed,  but  cast  out  entire,  as  a  dead  part. 

Sui'h,  or  gciu-rully  !iui.'Ii,  it  n'oms  iilnKiKt  ix-rtuin,  is  thfr 
process  of  uaiDteniuiro  by  uutritioo  ;  the  hair  and  tmth 
may  hv  fuirly  tukeu  as  lypes  of  what  occur*  in  othor  parts, 
for  thej  are  ports  of  complox  orgmiic  structure  and  cou- 
[luailioD,  and  the  tooth-pulps,  whicii  uru  abnorbod  as  well 
OB  the  fangs,  are  vory  rnscular  aud  seneitiTO. 

Nor  oro  tlicy  the  only  inotances  that  might  bo  adduced. 
Tb«  lilce  dcTclopnu-iit,  porsieteuco  for  a  timo  in  tho  perfect 
stuio,  dciitli,  and  diwhargv,  appcnr  in  dU  tho Torictios  of 
cuticIoB  and  gland-cells ;  and  ia  the  cpidennis,  as  in  tho 
teeth,  theu!  is  wideucu  of  dncnmpoMtion  of  tlio  old  txl\»,  in 
the  fitct  of  thu  diffproat  inllucnco  which  acetic  acid  oad 
potofeh  exotvise  on  them  mid  on  tlio  joung  oelht.  Seeing, 
lh«u,  that  Ltie  process  of  nutrition,  as  thus  displayed,  both 
in  nctive  organs  and  in  demontary  colls,  appeiira  in  these 
respects  similar,  th«  gooerol  conclusion  may  bo  tliat,  io 
nutrition,  the  ordinary  course  of  each  coinplota  eletneotary 
organ  iu  the  body,  iifli^r  tlie  ottuinment  of  it*  ittrteci  nluli^ 
by  dcTclopmcnt  and  growth,  is  to  remain  in  that  stale  for 
A  time ;  then,  iudependeutly  of  the  dc-uth  or  drcjiy  of  tlie 
whole  body,  and  in  somo  measure,  indepeadently  of  its 
own  exercise,  or  exposure  to  extenml  rloleuce,  to  die  or  to 
degenerate;  and  then,  being  cost  out  or  absorbed,  to  mako 
way  for  its  successor. 

It  appeum,  moreover,  that  the  length  of  life  which  each 
port  is  to  eigoy  is  Hxed  and  dctf  nuiuute,  though  in  some 
degree  aabjeot  t»  uccidr^ts  nnd  to  ilio  oxpendituro  of  Ufa 
In  exercise.  It  is  not  likely  that  all  parts  are  made  to  last 
n  certain  and  equal  time,  uiid  tlieii  iiU  aen-il  to  bo  changed. 
The  bones,  for  instance,   whoa  once  completely  formod* 
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■  tDUst  lasX  loDgnr  than  the  miiMtIcA  and  other  BoOer  tiBfues. 
But  wkca  ire   e^e  thnt    the  life  of  cartaia    parts    is   of 

Idet^imiincil  kiigtii,  wli<:tli('r  tlicy  }to  uKLid  or  aot>  wi>  maj 
assume,  from  snalogy,  the  same  of  nearly  all. 
Now,  tho  deciduous  liumnn  teeth  hnvo  an  appninfixl 
avenge  duration  of  life.  So  have  ifae  deciduous  (««th  uf 
all  otlier  ouimals ;  and  in  ull  tho  numerouN  iostanooa  of 
moulting,  elieddiug  of  antleTV,  of  desquamation,  change  of 
plumage  in  birds,  and  of  hair  in  Mammaliu,  tlio  oidy  ex- 
planation it  that  tlioso  oi^iuM  linvn  tlmir  Knrerally  appointed 
timce  of  living:,  ftt  the  ends  of  which  they  degeneratv,  di«, 
am  onst  uwar,  and  in  duo  time  aro  rcplacix]  by  others 
which,  in  their  turn,  are  to  be  developed  to  perfi'ction,  to 
livo  Uioir  lifi-  in  th«  mature  Htatc,  and  in  tlicir  turn  to  be 
cAst  off.  So  also,  in  some  elementary  structures  w«  may 
diacera  tlie  Mme  laws  of  detenniuiitu  poriod  of  life,  death, 
or  dsgeneradon,  and  replnccmont.  7'heyaie  ci-ident  in  the 
hittoiy  of  the  blood-corpuscles,  both  in  the  siipiiTM^ding  of 
'    tlio  first  60t  of  tUom  by  tlio  second  at  a  definite  period  tn 

»llio  lifi»  of  liie  ombi^-o,  and  in  the  rapliicoment  of  thoB« 
that  dcg'enrmte  by  othera  now-formed  from  lymph-cor- 
pnsolM  (see  p.  93).     And  if  w«  oould  anppoao  tlut  blood- 

|oor|ni>cte«  grouped  together  in  a  tiMue  instead  of  floating, 
we  might  have  in  the  changes  they  present  an  imago  of 
tho  nutrition  of  the  clntnentA  of  tho  tissues. 
The  ({((ration  tif  tiff  in  taeh  particU  is,  however,  liable  to 
be  modified ;  nsjxs'iully  by  tlio  cxennse  ^of  the  IhnctioD  of 
tlM  part.  1'ho  less  n  part  is  exercised  the  longer  do  ita 
oomponenl  particltia  appvur  to  live:  the  mom  active  its 

■  Amctions  are,  the  loss  prolonged  is  the  existence  of  ita 
iadividual  particles.  So  in  the  case  of  single  cells ;  if  the 
generhl  dovdopmcnt  nf  tho  tadpole  be  rolardod  by  keeping 
it  in  a  cold,  dark  place,  and  if  hereby  the  function  of  iJie 
blood'Gorpuscles  be  slowly  and  imperfectly  ditcharged, 
they  will  maintain  their  embryonic  state  for  even  several 
weeks  later  than  usual,  the  duvelopmuit  of  tho  second  set 
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of  MTpDMles  will  be  proportionally  postpoaed,  and  the 
indiTidual  lifo  of  tlin  (^orpiuclcs  of  the  Gnt  aol  viU  bo,  bj 
the  same  lime,.proloDged. 

Sudi  liciog  tlic  mode  in  wliich  the  nevcAMitjr  for  the  pro- 
cess of  Qutriliro  mnintcnnnco  i»  crcnf<^,  i^iich  the  m>aTom 
vf  iiupairmeoi  and  waata  of  tlie  tissues,  the  next  coneid» 
mtJon  mny  bo  Uio  mBonor  in  which  the  perfect  «tato  of  a 
part  is  Dtaintaiaed  by  the  inscrtioQ  of  new  partidee  in  the 
place  of  those  that  ore  abeorlied  or  ca^t  off, 

Thti  pTocftt  b}f  which  a  new  parlicU  u  Jomtd  in  the  place 
of  the  old  one  is  probably  alifays  a  procees  of  develop- 
mcnt;  that  la,  tlie  cell  or  fibre,  or  other  element  of  tJKiuo, 
paK>CH  in  itH  forimition  throiij(h  thit  Hntiic  Ktn^cps  of  develop 
ment  as  those  elements  of  the  same  tissue  did  tvluch  vere 
tlr-it  formed  in  the  embryo.  Tbia  in  prokiibln  from  the 
analogy  of  thn  bair,  thi>  toeth,  tlio  epidennis,  and  all  the 
tisauee  that  con  be  observed :  in  all,  the  proccaa  of  r«pnir 
or  replacement  is  olTL-L-tisI  tiiroiigh  derolopDHtnt  of  the  nev 
pnrts.  Tlie  cxitilonco  of  nuclei  or  cytoblasts  ia  ne«irly  all 
parts  that  are  the  ecata  of  actire  nutrition  mokos  tho  same 
probitble.  I''or  thoio  nuclei,  such  as  ore  soon  so  abundant 
in  atrontf ,  actii'e  tunnies,  are  not  mnnanla  of  the  embryonic 
tissue,  but  gcriiiB  or  orgona  of  power  for  new  formation, 
and  their  abundance  often  appears  directly  proportiooato 
to  the  aotivily  of  growth.  Thua,  tbey  are  always  nbundnst 
iu  tbo  foetul  tissneai,  and  tlioKo  of  the  young  animal ;  and 
they  are  peculiarly  numerous  in  the  muscles  and  tho  bnitn, 
nnd  thoir  disappeuriiitoe  from  a  port  in  which  they  usaal|y 
exist  is  a  sure  accompaniment  and  sign  of  degeneration. 

A  dilTcreuce  may  be  drawn  Iietwccu  what  may  bo  called 
nutiitivf  rrprnduetion  and  nulrillrv  rfpflitwn.  Tho  former  is 
shown  iu  the  case  of  the  human  teeth.  Aa  the  dceiduoBS 
tooth  is  being  developed,  a  i>HTt  of  ita  prixluetiTO  capsule 
is  dolached,  and  serves  as  n  germ  for  tlio  formation  of  the 
second  toothy  in  which  Becoud  tootli,  tluirvfore,  tho  first 
moy  be  said  to  be  reproduced,  in  the  same  sense  as  that  in 
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vbich  we  speak  of  tho  organs  by  which  new  iadividaaU 
are  fbrmod,  aa  the  reproductive  organii.  But  iu  tlie  shark's 
jmvn,  and  othvm,  in  whidt  we  m«  row  aft^  row  of  tooth 
moceediog  each  other,  the  row  behiod  is  not  formed  of 
gWvu  derived  frgm  tlm  row  lioforv:  tho  front  row  n 
eimply  repeated  in  tho  eecoad  one,  tho  Becond  in  the  third, 
and  so  aa.  So,  in  nilide,  the  deepest  Lajer  of  qiidcrmls- 
colla  doriTes  no  gomui  from  tho  hi7«r  abovo:  Ihoir  dc- 
Telopment  is  not  like  a  reproduction  of  the  celU  that 
havngono  on  townnU  llie  surEaoo  beforo  tlioin:  it  is  only 
a  repetition.  It  is  not  improbablo  tlidt  mtiuh  of  tho 
diffiaronco  in  tho  d<-gxee  of  repnir,  of  whi<^b  tho  sontral 
tissues  are  capable  after  injuries  or  dieeoaes,  may  be  con- 
nected with  thaso  diffijrenoes  in  tboir  ordinary  mode  of 
nutrition. 

In  ordor  tlmt  tho  process  of  iiiitritioii  niaj  be  perfuclly 
nooomplished,  certaiu  conditions  nro  nocossnry.  Uf  these, 
the  most  importimt  uro :  t .  A  rijflit  state  and  oompo&ition 
of  the  blood,  from  wliich  the  maleriaU  for  Dutrilion  are 
derived,  a.  A  rcgulitr  and  not  fur  distant  supply  of  such 
blood.  3.  A  certain  iiiilucnco  of  tho  nervous  ^stom.  4.  A 
natural  ststo  of  the  [iiut  to  be  nourished. 

I.  Thi«  right  condition  of  tfin  blood  does  not  uenessarily 
imply  its  acx'ordanco  with  any  known  standard  of  com- 
position,  common  to  uU  kiniU  of  healthy  blood,  but  rath«r 
tho  existenco  of  a  cortain  adaptation  botveen  tho  blood 
and  the  tissues,  and  even  tho  several  portions  of  each 
tissue.  Sui^h  an  adaptation,  peculiar  to  each  individual,  is 
determined  in  its  iirst  formntion,  and  is  maintained  in  tho 
concurrent  development  and  increase  of  both  blood  and 
lisaaes;  and  upon  it*  maintonaoco  in  adult  lifo  appoius  to 
depend  the  continuance  of  a  healthy  proceca  of  nutxilion, 
or,  at  least,  the  pttiaenalioa  of  that  exact  sameness  of  tho 
whole  b<i<Iy  uiid  it^  pikrts,  which  constitutes  the  perfection 
of  nutrition.  Some  nctice  of  tho  maintenance  of  this 
sameDGse  in  tho  blood  has  been  given  already  (p.  94),  ia 
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qiMking  of  iba  pover  of  nMinutnlion  irUirli  Ut«  blood 
tocemsea,  n  povcr  exactly  comparable  with  this  of  main- 
IWDSDce  by  nutciliou  in  Lhe  tUanee.  And  evidence  of  tlM 
adaptiitiOD  botn-M>ii  tiia  blood  uid  (lit  tissao*,  and  nf  th» 
exoeeding  finraesB  of  th«  Bdjiutmenl  by  irbicb  it  is  main- 
tained, is  offotded  by  Uie  phenomena  of  dtsoaaes,  ia  wlu^ 
After  the  intmdijc-tion  of  (nrtotn  onimnl  poisons,  eren  in 
ireiy  minuto  quantities,  the  whole  mass  of  tbe  Mood  ia 
altered  in  <v>m)>o!<ilioii,  and  Ifae  Holid  linnUM  arn  porrttrt^ 
in  their  nutniion.  It  is  necossaty  to  refer  only  to  sudi 
diMasofl  aw  n'pliilia,  iimiill-pox,  and  otlior  eniplivo  fniron, 
in  illustnitton.  And  whni  the  absolute  d«>pendence  of  all  tbe 
tiftsues  on  the  blood  for  their  Tery  existeoee  ia  remeinlwced, 
on  tbu  <mo  luuid,  and,  on  the  other,  tiio  rajndi^  with  whidi 
substances  introduced  into  the  blood  are  diffuaed  Into  nil, 
«<ren  non-Toscular  textures  {p.  371).  it  n^od  W  no  iwhkw  of 
vonder  tluit  any,  crcn  tb«  slightost  alteration,  &om  the 
normal  constitution  of  the  blood,  should  be  tinmodLnt«ty 
refleuttiil,  eo  to  ^)ealc,  as  a  cliangu  in  the  nutrition  of  tlie 
solid  tiiisitoA  and  organs  which  it  is  destined  to  nourinb. 

2.  The  necessity  of  an  adeqiuue  luppli/  nf  ajipropriaU  Uood 
in  or  near  ihc  part  to  In  nauriihed,  in  order  that  its  nutrition 
may  be  jwrfoct.  is  shown  in  the  ftequent  oxamploa  of 
atrophy  of  partH  to  which  too  little  blood  is  sent,  of  morti- 
fication or  arrested  nutrilicpn  when  tJio  supply  of  blood  hi 
entirely  cut  ofF,  and  of  defective  nutrition  when  tJin  blood 
is  stagnant  in  n  part.  Tliat  the  nutrition  of  a  part  may 
bo  porfcct,  it  is  also  necessary  that  tho  blood  should  ba 
brought  suHii^ii^ntly  near  to  it  for  the  eIi>mont8  of  the  tissaa 
to  imbibe,  through  the  walla  of  the  blood-vessels,  the 
Ootritivo  materials  which  they  require.  The  blood-veMala 
fliemsotTea  tnlco  no  nliare  iu  the  jirocesB  of  nutrition,  excopt 
as  carriers  of  the  niitritire  matter.  Th«roforo,  provided 
they  coitio  so  nr-nr  that  this  nutritive  matter  may  pass  1^ 
imbibition  into  the  part  to  bn  nourished,  it  is  compara- 
tiroly  immaterial  whether  they  ramify  within  the  substanes 
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of  tho  tiNsu^  or  fti«  dialrn>ul«d  ouly  on  its  surbce  OT 
boitleT. 

Tlie  blMod-Teawils  aerre  alike  for  Uie  nutrition  of  th« 
Tttacular  uadtbo  non-vaacuW  pnrte,  tlio  diflvnnoo  Wwo«ii 
whicti,  in  legord  U>  BuUitton,  is  Um  ttuui  it  mfty  seem. 
For  the  vn«CTiUr,  tho  nutritiro  fluid  is  (uirricd  in  Mtmuim 
into  the  interior  ;  for  Hut  tton-vaiKXiimt,  it  Sows  on  tbo  sur- 
face :  but  in  both  alike,  Ute  puts  thems^TM  imbibe  the 
fluid;  and  ahliough  the  passage  tbroogb  the  iralla  of  ibe 
blood-TMtds  may  oflect  sonw  dumgo  in  tba  ntnliriiiU,  yet 
all  tbe  piocew  of  furmalion  is,  in  both  alike,  outside  Iho 
TMseU.  Thus,  in  musi-ular  tiaaue,  the  fibriU  in  the  reiy 
centre  of  tlto  fibre  iMNirisli  tliemadvM :  jot  tluioe  are 
distant  from  uU  Uood-vueaoU,  ttnd  cua  only  by  imbibitioo 
rewire  their  nutriment  So,  in  bones,  the  spooee  betweem 
tbe  blood-veHsela  ate  wider  than  Ui  mmicle;  yet  Um  parts 
in  tbo  Diosbue  RMirisli  tlittrnMlves,  ioibibia^  materials  from 
the  neareAt  source.  The  Don-vasculor  epiddmia,  though 
DO  veaaela  puas  into  its  Bubstaoce,  yet  iiubibes  natritiTS 
niAltvr  &om  tbo  vm»cIm  of  tho  imravdinlely  snbjacmt  cutis^ 
txti  maintains  itself,  and  grows.  The  in«taneee  of  the 
oomea  and  vitreous  liumoitr  on:  ttrmi^^er,  yut  ntniiLor;  and 
■omirtimes  oven  tiie  tame  tjaeaa  is  in  one  ease  Tasculnr,  in 
the  other  not,  as  tbe  w»eoita  tinue,  which,  whou  it  is  in 
MHians  or  thick  Uycn,  has  bloud-wn-els  ninniD^  into  it ; 
bnt  when  it  ia  in  thin  h^rs,  as  in  th«  la(?bT3-md  and  tor- 
Innated  bone*,  has  not.  Tham  bouiv  xubsiat  on  tlie  blood 
flawing  ia  tliu  loiauta  Toeeels  of  the  maeons  membnutv, 
from  which  tbe  epithelium  derives  nutriment  on  one  side, 
the  bone  ou  the  olber,  and  tho  tiiwue  of  tho  mvmbrane 
itM^f  on  ewry  side:  a  striking  instance  how,  from  the 
eome  souroe.  many  tiasuca  "'"■'**■«  tlunnaelTea,  each  exer- 
Qfting  its  pM'uIiar  lusimtlativa  and  aelf-formattve  power. 

3.  The  third  condition  said  to  be  easential  to  a  healthy 
nutrition,  is  a  <trtaiii  iiifiueiic*  nf  tht  ni-nvM  ^yitMi. 

It  has  been  held   that  tbe  nervous  syateoDi  cannot  be 
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ctwpntinl  to  n  Ui>a1t}tj  coune  of  nutrition,  lieoauae  in  ptuUi 
and  llie  early  einbnro,  and  io  tli«  loirost  nnimnlii,  in  irhkli 
no  ncrvnuH  tt}-HU)in  ia  developed,  liutrilioa  goes  on  KrilJKnit 
it.  But  this  i«  no  pronT  that  in  unimnla  whioh  ham  k 
ufiTTous  Bj-atem,  nutrition  maj-  bo  independont  of  it; 
rotbrr,  it  mny  be  assumed,  that  in  iiiw«iiding  developnMnl, 
as  on«  «}'et<>m  nftcr  nsothcr  u  mMM  or  iDcrensed,  eo  the 
lu^liest  {and,  higbeet  of  all,  the  nervoua  system)  «ill 
alwayK  lM^  iittitvtiKi  and  lilended  iD  a  moro  uid  m»m  inti- 
mate  relation  u-itU  nil  thn  rest :  according  to  tlio  g^naral 
law,  that  the  interdependence  of  parts  augmenta  iritfa  their 
dttvulopmrnt. 

The  roasonnbl«neMof  IhionKmniption  is  pR>Te<l  by  taaaj 
&ct«  iliowing  the  tnflueiioe  of  the  nerroua  aj-stetn  on  nubri* 
tion,  and  by  tlie  most  striking  of  tliMm  fact*  being  ohwmi 
in  the-  higher  animals,  and  c-spnciallj'  in  man.  Tbo  iida> 
Mice  of  the  mind  in  iJie  producliun,  aKv.Tav«tion,  and  cui* 
of  i>i^iini(!  diseastis  is  matter  of  daily  obwimtioii,  and  a 
euiBcicnt  proof  of  iniluenee  exercised  on  nutrition  thioogli 
the  ne4vous  s^'slem. 

ludtTpeadeutly  of  mentftl  infiiinni<e,  injnri'v  either  to  por- 
tions of  the  Dorvous  contree.  or  to  individua]  nerriw,  are 
fr«[ueiitly  fiillowod  by  dtfwtive  nutrition  of  tbo  parts 
snpplir^d  by  tho  injured  norvw,  or  doriring  their  iwitoqi 
influence  irom  tlie  damped  portions  of  the  nervous  MntrM. 
TliuH,  lationN  of  the  npiuul  ctird  art!  HOrai-timn*  followed  by 
mortiGc4ition  of  portions  of  the  paralysed  parte :  and  ihia 
may  take  place  veiy  quickly,  as  in  a  case  by  Rir  B.  C. 
Brodie,  in  whti.'h  tlie  ankle  aloiighod  within  twonty-finir 
houTB  after  an  injury-  of  tho  spine.  Af^er  euch  lenons 
also,  the  repair  of  injuries  in  the  paralysed  jiarta  may  take 
place  I«^  completely  than  in  others ;  so,  Mr.  Ttnrera  meo- 
tions  a  ciu>e  in  wLir.ti  paraplegia  was  produced  by  (taetan 
of  the  lumbar  Tertebree,  and,  in  the  same  accident,  tba 
humcrwa  and  tibia  were  froetured.  Tlio  formor  in  due 
timt;  united ;  thg  latter  did  not.     The  same  fact  waa  iUus- 
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trated  by  some  ©xperimenU  of  Dr.  Baly,  in  which  faaviiigr, 
in  Mlamauders,  cut  off  the  end  of  tlio  toil,  nnd  then  thnist 
a  thin  wire  some  distKHCd  up  tlie  spinal  canal,  so  as  to 
dnrtioy  tho  eord,  lie  found  tliat  the  oud  of  tlll^  tail  woa 
rcprodurtx!  morm  nlowly  than  in  other  »alainnnders  in  vhoin 
the  spinal  cord  was  left  uninjured  uhove  tho  point  at  which 
tho  iJiil  wiut  umputftbxL  lUuntnitions  of  the  same  kind 
are  furnished  by  the  several  cases  in  which  division  or 
deatructiou  of  the  trunk  of  the  Irijfinniiuil  ncrrn  hnx  be«n 
followod  by  im^omplittn  and  morljid  uulrition  of  the  cor- 
respon<liDg  side  of  the  face  ;  ulceration  of  the  cornea  being 
often  directly  or  indirectly  on*  of  tJie  couEiociuniccji  of  auch 
imimrfect  nutrition.  Part  of  llic  waMing  and  slow  degene- 
ration of  tissue  in  paralysed  limbs  is  probably  referable 
also  to  the  withdrawal  of  nervxiua  inllucuce  from  thom ; 
though,  perhaps  more  is  due  to  tho  want  of  u£e  of  tlie 
tissues. 

TIndut!  irritatiou  of  the  tnmka  of  nerres,  as  wi>l]  as  their 
division  or  deelructiou,  is  soEnetimes  followed  by  defective 
or  morbid  nutrition,  To  this  may  be  rpforre<I  th«  casoa 
in  which  ulccrntion  of  the  ports  supplied  by  the  irritated 
oerves  ocoure  fluently,  and  continues  so  long  an  ttie 
uritatton  laal«.  Furtlicr  evidence  of  tho  influonra  of  the 
nervous  systom  upon  nutrition  in  furnished  by  those  cases 
in  wliich,  from  mental  anguish,  or  in  aevere  neundgic 
h(indach(!a,  tli«  hair  becomes  grey  reiy  quidily,  or  OTcn  in 
a  few  hour*. 

So  many  and  various  facts  leave  little  douht  tltat  tho 
nervous  iiyattrm  exerciBcs  an  influence  over  nutritioD  aa 
over  otbcT  organic  procr-saos  ;  and  they  cAnnot  be  explained 
by  supposing  that  the  cbangea  in  the  nutritive  proonascs 
H«  only  due  to  the  varintiona  in  the  sin!  of  the  blood- 
Tinwla  supplying  the  nfTecled  parts. 

The  question  remains,  through  what  class  of  nerves  la 
the  itiflupni-i:  exerted  ?  Wheti  dtfeclive  nutrition  occurs  in 
parts  readerod  inactive  by  injury  of  the  motor  nerve  aioae^ 
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u  in  Um  miisclw  luid  otlinr  tiwuca  of  a  poriiljAod  faoe  or 
Uub,  it  mny  appear  «  if  tbo  atropbjr  were  the  diroct  ccb> 
wqiMDoe  of  tli«  loaa  of  power  in  Llia  motor  oerres ;  but  it 
n  morft  pralwUo  thnt  tb«  «t>ophy  is  tbo  eooMquonce  of 
tha  want  of  exenviae  of  the  porta ;  for  if  the  miMol<!N  b« 
cxeniiuMl  I>y  urtiOL-iul  irriUiltou  of  their  nerves  their  nutii- 
tioii  vill  be  leu  defwtira  (J.  l{«id).  Tb«  dsfect  at  thir 
itutrilive  prowHi  wlucb  enm«a  in  the  face  and  other  parl^ 
morvovnr,  in  coqwijucugo  of  clesfaructioD  of  tbo  trigcnucal 
oerve,  caimot  be  referred  to  lose  of  inflaeiwe  of  anj  motor 
nerves ;  far  tli«  motor-utirvea  of  the  laoe  and  bye,  as  well  as 
tho  oliiu-t4tiy  aiid  optic,  baro  no  share  in  the  defbctiro  nntri- 
tioD  which  follows  injur]'  of  Ow  trigflmina]  nerve ;  and  oao 
or  all  of  thcia  may  ho  diwtroyod  witiiout  aajr  dir«ot  dis- 
tutbimc«  of  the  nutrition  of  the  ports  ih«y  soToral^  "upply. 

It  must  Ijo  coDuludod,  thervftiro,  that  tlia  iiiOuence  whid) 
ia  tzcrciiR^d  by  uirvc-s  over  tlm  nutrition  of  ports  to  which 
thay  are  distributed  is  to  be  referred  eithu-  U>  thoM 
amoDf;  their  brunches  wbicli  <utiduct  imprMttons  to  the 
bruin  and  npinol  cord,  nameJy,  tb«  nerres  of  common  nea- 
satioD,  or,  as  it  is  by  some  sujipoeed,  by  nerre-fibres, 
which  pnnida  spcciidly  owr  the  nutrition  of  tlie  tiosues 
and  organs  to  which  they  are  supplied.  Such  epeclid 
nerves  are  callvd  trophie  nerves  (see  Chapter  on  the 
Nervous  Systooi), 

It  is  not  at  present  possible  to  sny  whether  th«  influenco 
on  nutrition  is  exercised  through  the  ceiebro-spinal  or 
tbjough  tho  sj'iupatiiiilic  nerrcii.  whii'h.  in  flio  purtii  oa 
which  the  observation  has  been  made,  are  g<?ncrully  com- 
bined in  the  sauio  sheath.  The  truth  perha]»  is,  that  il 
may  bs  courted  through  sithsr  or  both  of  tliewt  neiros. 
The  de&ot  of  nutrition  whidi  ensues  sAer  lesion  of  the 
Bpiunl  uord  alone,  tlio  sympathetic  imtvcs  l>(]iitx  auiujur«d, 
and  the  general  atrophy  which  sometimes  occtuv  in  con- 
aequeui'a  of  diseo^oa  uf  the  brain,  suem  to  prcire  the 
ui£u«u»  of  the  cerebro-epinol  eystem  :  vhilo  tho  obeer- 
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Tatton  of  Miigt<ndi<}  And  Ma;«r,  thftt  inflammation  of  tha 
efo  is  a  ciiQstaiit  Tflsult  of  ligaluro  of  the  (tyinpallielto 
Dorve  in  tli«  neck,  nncl  mnny  oth«T  obHrmtiona  of  a 
umilar  Icind,  oxhibit  vety  well  Iho  InfltieiiGO  of  the  latter 
nerre  in  nuiritjon. 

4.  T[i«  fourth  condKiaa  DocwMuy  to  healthy  nutrition  is 
ft  Wealthy  state  of  the  part  to  bo  nouri&h^d.  Tliis  aeema 
ptOTo]  by  the  inry  iiatura  of  the  proooM,  whit^h  I'onMsts  ia 
tho  formntioa  of  new  parts  like  those  already  existing  ;  for, 
unlcas  the  Utler  are  healtliy,  the  fbrmer  caunot  be  ao. 
Whatever  be  the  condition  of  a  part,  it  is  apt  to  be  per- 
petuated by  aaaiinilatitig  uxajtily  to  tts«If,  and  endowtofc 
with  all  its  pcculiaritiM,  the  new  })articlp«  whid)  it  forms 
to  replace  those  that  degenerate.  So  long  as  a  part  IB 
healthy,  and  tho  otlicr  <icinditinn.i  of  hr-jilthy  mitritiou  cxiftt, 
it  muintnins  il«  healthy  condition.  Dut,  acoordioff  to  tbo 
■ante  law,  if  the  structure  of  a  part  be  diiwased  or  in  any 
way  Blt«r«)d  from  ita  natural  condition,  tlin  nlli^iitton  ia 
muntAinod ;  the  altered,  like  the  healthy  structure,  is  per- 
petuated. 

TJiu  nami!  exncinrm  of  the  a«»!mibitioii  of  tho  now  parts 
to  the  <dd,  which  is  seen  in  tho  nutrition  of  the  healthy 
tiasuea,  may  l>e  observed  aLto  iu  thuMe  tliat  nm  fonned 
la  disnaaeu  By  it,  the  exact  form  and  relative  atxe  of  a 
cicatrix  aro  ppeserved  from  year  to  y^nr;  by  it,  the  thick- 
ening and  iDdunition  to  which  intUoimation  gires  rise  are 
kopt  up,  and  the  various  morbid  Ktatea  of  tho  blood  in 
ttruma.  syphilis,  and  other  chronic  diseases  are  maintained, 
notwithstiuuling  all  diversities  of  diet.  By  tills  precision 
of  tho  OMimilating  propcja,  may  bo  explaiiiod  tho  law  that 
certain  diaooocs  occur  only  once  in  the  same  person,  and 
tluit  nTtain  others  are  apt  to  roeur  frequently  ;  becauiH)  in 
both  cases  alike,  the  alteration  prodticud  by  the  first  attack 
of  the  dispim)  is  mnintnineil  by  tlie  exact  likeness  which  tha 
sew  parts  bear  to  the  old  onc4. 

%a   period,  ho^'ftrer,  during  which  on  alteration   of 
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strutiturA  laaj  bo  ttxv^y  maiaUined  hy  nutrition,  is  not 
vnliniitod ;  for  in  Dearljr  all  altered  parU  then  appears  to 
r-flxlat  a  OMidoiii.'y  ti>  iiicorvr  tho  perfect  stnto;  «nd,  iu  maoj 
this  Btald  is,  in  tim«,  Dtttuned.  To  tliia  we  m*y 
attribute  the  posubillty  of  r&-viievintttii>n  after  the  lap«e  of 
>oin«  yetm  ;  tliu  occiuioiutl  recurrence  of  siuall-pox,  acurlet- 
fmror,  and  the  like  diBeasea,  in  the  same  person;  the  wearing 
out  of  fic&rs,  and  the  complete  reetoruiiun  of  liMuea  that 
Lave  been  altered  hjr  injury  or  diaease. 

Such  are  some  of  the  more  iraportaot  conditions  which 
appear  to  he  vdmiutinl  to  ln-althy  nutrition.  Alweuce  ur 
defect  of  any  oue  of  them  lb  liable  to  be  followed  bj'  di»- 
arrau^ment  of  the  prooeas ;  and  tlie  various  diseases 
roKulting  from  di'fcctivn  nutrition  up^x^ur  to  bo  dus  to  the 
Jiailure  of  these  conditions,  uoie  often  than  to  imperfection 
of  the  process  itself. 


OEOWTH. 

Orowtli,  OS  has  been  ttlroady  obwrvod,  consiBta  in  the 
increase  of  o  part  in  bulk  and  weight  by  tlio  addition  to 
ilti  subtiliuice  of  portidcit  similnt  to  lis  own,  but  more 
than  sufBci^nt  to  replace  those  which  it  loses  by  the  waste 
or  natural  decay  of  its  tissue.  Tlie  structure  and  composi- 
tion of  the  putt  n^mniu  the  same ;  but  tho  increase  of 
healthy  tissue  wliich  it  receives  is  attended  with  the  capa- 
Idli^  of  discharging  a  larger  amount  of  lis  onlinnry 
function. 

While  development  is  in  progress,  growth  fretpxintly 
proceeds  witli  it  in  the  samo  port,  as  in  tliu  formation  of 
tho  various  organs  and  tissuea  of  the  embryo,  in  which 
parts,  while  they  grow  larger,  are  also  gruduallj  iQor« 
developed  until  they  attain  their  perfect  slate.  But>  com- 
monly, growth  continues  after  development  is  completed, 
and  in  some  ports,  continues  even  after  the  full  atuluro 
of  the  body  is  attained,   and  after  nearly  every  portion 
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^iimI  its  perGect  atuto  is  both  sim  umI  com* 

lu  cert&in  muditions,  Hum  coiiliauaiu»  or  a  matwtl  of 
growth  may  bo  oWrrcd  in  neorlj-  cvorv  pnM  of  tiie  body. 
When  puts  hare  attained  the  full  sixe  wliicb  iu  tliu  ardi- 
DU>-  proccw  uf  growth  tlioy  runch,  luid  arw  tiuni  kttpt  in  a 
modento  werciee  of  thoir  fuQctious,  thcjf  commonl;  (u 
alnaAy  stated)  tetain  aJmoat  exactly  th«  aaniA  dimendona 
thiwi^  tlui  adult  period  of  lifCL  But  when,  from  uoy  chum, 
ft  part  already  foil-grown  in  proportion  to  lh«  reet  of  tlie 
body,  ia  ciill«il  upou  to  (Uacliurgu  ou  uuuauftl  aiuouut  of  ita 
ordiaory  fimiitiont,  tliu  iWiiiiLnd  ia  met  by  a  corresponding 
iacreaao  or  growth  of  the  part.  lUuetratooos  of  this  &r» 
■llbcded  by  thn  iiKreiued  tluckeniiig  of  tuiido  at  purti 
vlun  it  is  Eubjectod  to  on  unusual  ilt'^eo  of  occaaioual 
pMBSufe  or  friction,  aa  iu  the  palma  of  the  hauda  of  persona 
mnploywd  in  rough  manual  labour ;  by  tho  mlargamont 
and  uureosed  hardnoM  of  muaclee  that  are  largely  exer- 
viAed ;  aud  by  uany  other  f^cta  of  a  like  kind.  Tha 
incrvusod  power  of  uutritiou  put  forth  in  such  growth  is 
greater  than  might  bo  supposed  ;  for  tho  immediate  efi^ 
of  increased  exercise  of  a  part  iniut  bo  a  greater  using  of 
ita  ti<4ue,  and  might  be  expected  to  entail  a  permaDont 
tliinning  or  diminution  of  the  ftubstfuica  of  the  part.  But 
tho  euwgy  with  whi<^U  Ircsh  particloB  are  formod  is  sufil- 
aeut  not  only  to  replace  completely  those  that  ore  WOTQ 

aj,  but  to  oauae  on  inoreose  in  the  subatonce  of  tlie 
''j^art — tho  amount  of  this  iocronso  being  proportioned  to 
the  more  than  UBual  degree  in  which  ita  functions  are 
ttuifiisod. 

Tlia  growth  of  a  part  from  undue  exercise  of  its  fiinctiona 
la  alwaysy  in  it«elf,  a  healthy  process ;  and  tlie  iueroosed 
Kzo  which  results  from  it  muet  be  distinguished  from  tha 
TBiious  kinds  of  enlargement  to  which  the  same  port  may 
be  subject  Irom  disease.  In  the  former  ca«e,  tho  unlurgo- 
mmt  is  due  to  on  increased  i^uautily  of  healthy  tissue, 


39» 


Nmunos, 


proTtdin);  nore  Ui&n  the  pvevioas  power  to  mMt  s  f>U' 
tk'ulitr  <:iiii.-rg«ucf ;  iha  Dthor  may  be  (he  rMolt  of  a  depoait 
of  moriiiil  mntcriol  vitliin  tlw  nnturnl  structuro  of  lb»  pu^ 
diminiatun;;,  ingtcai]  of  oagmentui;^,  its  fitneea  for  Ub  odkc 
Sudi  a  hvuithj-  pnKiesa  of  growth  in  a  part,  attended  viHi 
luunTiwrd  powrr  and  odirilj  of  its  fiuir<iofui,  may,  howBT*;. 
occur  as  the  coowquenoe  of  dis«Aee  in  some  other  part;  ia 
which  KMHC  it  ia  oommonlj  eaUnd  Uf/p^rtrophg,  i^.,  taxtm 
of  u»trition.  Tlio  mo«t  familinr  oxainpio*  of  this  are  ia 
the  increased  thiclcoesa  and  robuatoess  of  the  mascvlar 
wall.i  of  the  uarlliiM  of  tliR  lioiirt  in  mms  of  oactiimed 
obeUuctioD  to  the  circulatioii ;  and  in  tho  increnaod  d^ 
velupuKsit  of  the  muscular  ooat  of  the  urinary  bUdte 
when,  from  any  caunc,  tho  frca  diM^hai^  of  urioo  from  ft 
is  iniwfcrrd  with.  Ia  both  th«M  nuee,  thoug;b  th«  origin 
of  tho  growth  is  tlie  oon*oqiKmc«  of  diN'iun,  yd  tho  gnnlA 
itaolf  iH  natura],  uiul  ita  end  is  tlie  heiiefit  of  the  eeOMni^; 
it  ia  only  mmmoti  growth  rvnciwnil  or  oxardaad  in  a  part 
which  had  attaioed  its  size  in  due  proportioa  to  the  net  of 
the  Ixfdy. 

It  may  be  ftirtlier  mentioned,  in  relation  to  t!ie  phy- 
siology of  tliin  HukJM.'t,  tliat  when  the  iiiiuviiM  of  function, 
which  i«  r(<(]iiisite  in  the  co«es  from  which  hypertrophy 
resultji,  cannot  be  eOiciently  diacliarged  by  mero  iucraaae 
of  tho  <irctinary  tiwuo  of  tho  part,  tlio  dcrelopinent  of  a 
new  and  highor  kind  of  tissue  is  frequently  combinod  with 
tliis  growth.  An  example  of  this  is  ftimi»hed  by  tha 
utenis,  in  the  widls  of  whivli,  wlicn  it  liutximtM  enlarged 
by  pregnancy,  or  by  the  growth  of  fibroas  tumoora,  organio 
muscuiiir  fibres,  found  in  a  very  ilJ-developed  condition  in 
its  qiiien'eut  etate,  are  then  cnormoiiKly  devnlopod,  and 
provide  for  the  expulsion  of  the  f<Etus  or  the  foreign  body. 
Othnr  examples  of  the  same  liind  are  furnished  by  case*  in 
which,  Irom  obEtructioii  to  the  disriiargo  of  their  oonteota 
and  a  consequently  iocrGasod  neoMnty  tar  propulstTS 
power,  the  coats  of  reservoirs  and  of  ducts  beoome  tho  aoat 
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'■iiu  ool;  joflt  to  exist  iu  them  Iwfore,  or  wore  ]>resout  in  ft 
TWj  imiKirfoctljr  develops  conditioD. 

ReopertiDf;  the  mode  and  imndilions  of  the  proeeas  of 
gTOTlh,  it  iiwd  only  }nt  unid,  that  it«  inoilo  crvtmn  ti>  di£F«r 
oidy  tD  d<^;Toe  ttota  that  of  common  maintenance  of  n  port ; 
more  particles  are  removed  irotn,  and  many  more  added  to 
a  groving  timu!,  than  to  oiwi  which  only  mainlaiuii  iUidl 
Dut  BO  tor  as  can  be  ascertained,  tha  mode  of  remoTsl,  Ihft 
diopoaitiaii  of  the  rcmoreil  ports,  nod  tka  iuaertion  of  the 
new  particliM,  an  as  in  simple  maintMianc«. 

llie  coDditions  alao  of  growtli  are  the  same  as  those  of 
comiDun  nutriticin,  uiil  an  oqiinlly  or  moro  ncccwMuy  to  its 
occurrence.  When  they  are  vt^y  faTOnrable  or  in  excMS, 
gmwlh  may  occur  in  t]i<i  pliun  of  romnKm  nutrition.  Thu8 
liair  may  grow  pntaaeiy  in  the  noighbourhood  of  old 
uloe»,  in  conaequoice,  apparently,  of  the  excceaiTe  stippl; 
of  blood  to  th»  balr<l>ulb«  and  pidpa ;  bono*  mny  iucreoas 
ia  length  when  diwase  brings  much  blood  to  thfin ;  and, 
cocks'  spurs  IruuHplauted  from  their  l«ga  iiito  their  combs 
grow  to  on  unnntunkl  length ;  the  conditions  cummoD  tn  att 
theee  cases  being  both  an  iucreaeed  supply  of  blood,  and 
th«  capttbility,  on  thi?  part  of  thn  growing  tiMue,  (if  avail- 
ing itself  of  the  opportunity  of  increacied  abeorplinn  luid 
nutrition  tlius  nfTdnlnl  to  it.  fn  tlie  uUictice  of  the  last- 
named  condition,  increased  supply  of  blood  will  not  lead 
to  iucTcuNed  nutrition. 
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Skcvktiox  i«  tho  procom  by  wbic^  mstnriBla  ar«  sepa- 
lat^  from  the  blood,  and  from  the  organs  in  wbich  tbqr 
UTO  furmod,  for  Uiu  pur]iQHo  uitlior  of  •erring  some  ultaricr 
office  in  the  economy,  or  beiog  discharged  from  tlu)  body 
as  excremeut.  In  ilie  funuer  caae,  both  the  aeporated 
matmriolit  uud  tho  procvraM  for  their  »c]>firmt)oa  arc  tensed 
aecreiiont ;  in  the  latter,  tbey  are  named  Mttttiom. 

Moit  of  thu  HWnitioiiH  oousiat  of  substaDCU  whioll,  pro- 
bably, do  not  pro-exist  in  the  Mme  foria  in  th«  Mood,  but 
require  itpecitt]  organs  and  a'  process  of  elaboration  for 
thoir  formntioii,  «.;;..  tho  liver  for  tliu  forraution  of  bile, 
the  mammary  glaad  for  the  formfttion  of  milk.  The  ox- 
cretiona,  o»  tliu  other  hand,  commonly  or  chiefly  consist  of 
substnnoos  which,  ««  urea,  carbonic  ncdd,  nnd  probably 
uric  aeid,  exist  ready-formed  in  th«  blood,  and  are  merely 
abatraoted  thcreJiom.  If  from  any  cauno,  such  aa  oxten- 
siv«  disease  or  extirpation  of  on  excretory  OT^gon,  the  aepo- 
ratioa  of  an  ext^retiou  is  prevented,  and  an  accumulattoo 
of  it  in  tho  blood  eusuoa,  it  fre<{ueiitiy  escapes  lhn>ugh 
other  organs,  and  may  bo  dotoctod  in  v<mou3  fiuids  of  the 
body.  But  this  Is  never  the  case  with  secretioua;  at  least 
witli  thoso  that  nro  most  tiliiliorutod ;  for  after  the  romoraf 
of  the  special  organs  by  which  any  of  them  is  elaborated, 
it  is  no  longer  furmed.  CuseH  sometimes  occur  in  wltioh 
the  secretion  continues  to  be  formed  liy  tho  natural  organ, 
but  not  being  able  bo  escape  towards  the  exterior,  on  w> 
count  of  some  obstruction,  is  re-uiisorbed  into  tho  blood, 
and  aflerwai'ds  discharged  from  it  by  omidation  in  other 
ways ;  but  these  are  nut  lustauces  of  true  vicariouB  aecm* 
tion,  and  must  not  be  thus  rrgurdod. 

These  circumMtanoea,  and  their  6tial  destination,  an^ 
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boiroTor,  thfl  only  particulant  in  which  SE«iietionB  luid 
•xcietiona  can  be  dutinguished ;  for,  id  general,  tfa«  strtio- 
ture  of  ibo  ]>arU  ougu^od  in  eliiniu«tiiig  cxcratioiv,  t.y., 
tlu)  kidney  is  as  complox  u  thitt  of  the  parts  coDcenied 
id  the  furmation  of  secretions.  And  uuw  tliu  diiTunMicvn 
of  tiio  two  profiMSM  of  M>pnmttou,  coTroHponiling  with 
thorn  in  the  seYend  purposes  and  destinations  of  the  fluids, 
fti«  not  yet  aacertaiued,  it  will  be  aulfideut  to  Hjicuk  iu 
general  terms  of  (ho  procow  of  ccpitrntion  or  mcr«tioii. 

Even'  secreting  iippuratu!i  puoacsiee,  na  csaeiitiul  parbi 
of  its  Btructuro,  a  simple  and  apparently  testureless  mem- 
Icttne,  luiined  the  primary  or  haMmeiit-memltrane ;  certain 
mUi;  and  blood-veurU.  Thpia  tliri'^  iitrtii;tiirnl  elomc^nta  «ro 
•mnged  tog^ither  in  various  wujs ;  but  all  the  varieties 
may  be  daaaed  under  one  or  oUier  of  two  priudpul  divi- 
signs,  nameljr,  mtmbranit  and  glandt. 

SEcnrriNQ  tirMi\n.K-STJt. 
Tie  prtndpal  secreting  membranes  are  the  senma  and 
^"noTial   membrimcM,    the   mucous   uicmbnuies,    and   tlio 
skin.* 

Pig.  104.  t 


^Sho  wraut  membrantt  are  formed  of  fibro-OGlIulur  tiMtne, 
.  ao  OB  to  constitute  a  membrane,  the  free  surCace 
ia  covered  with  a  single  layur  of  tluttviuHl  ccIIh, 
framing,  in  most  in>tiinres,  a  eimpls  UatelaUd  ejrithelium. 
Between  the  epithelium  and  the  subjactiut  la,ver  of  fibro- 
criluUir  tissue,  is  situated  the  primitry  or  ba;;emeut  mem- 
luane  (Bowman). 

■    *  ^«  shta  will  t«  il-wrlbnl  !ii  a  But)W|ai<nt  chii>l«r. 

t  Wi^  104.  FUiiot>MCn<llii|(  inviubniiiu  :  11,  iiifmbrana  jiropria,  or 
bsMiiMat  nMinbmit ;  1^  iT]>liithcliuni  conipunvd  of  niTeiiog  iiiicUst«d 
CtUai  t,  Uftf  of  captilu;  bliHid-vcsKli  ^■Ror  Sliatpcjr). 
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In  n^atiim  to  tfafl  prooew  of  sMrodon.  th«  \nytir  at  fibro* 
CAUular  tisRM  tarn*  as  a  groand-work  fi>r  the  ramificatiaa 
of  Mood-Ti»wli,  l^rmjiliatica,  mud  ikhtm.  Dut  iu  iu  lunal 
farm  it  la  abaent  in  soim  inatanne,  u  in  tlie  nmdisioid 
oorerii^  tha  dura  inatcr,  and  in  the  intetior  of  tbe  TOI- 
IriolM  of  th«  brain.  Tho  primaiy  nivinbrano  and  t>pHh»- 
limn  an  probablj  aliraya  preaeot,  and  are  conoeruM  in 
Uia  forrontjon  of  th«  fluid  li^  vrliich  tfao  &«o  BuHace  of  tha 
mambrase  ia  inotsl«i«d. 

Th«  aerouA  m^rabruuM  iir«  of  two  i>rini!tj)al  kinds: 
let.  Thom  vltich  line  rieocrnl  CBvitira,— tho  nrachnoid, 
pericafdium,  pleimo,  peritoneum,  and  lunicie  vag^inalea. 
2>'ii.  The  H}Di>vial  mcmbraues  lining  tlto  joiata,  aad  tfae 
ehoaths  of  teodons  and  ligamoats,  with  which,  alao,  ar* 
lutiiall}'  iuc-liided  tlic  ■^-nui.-ial  biirsa>,  or  burta  muceta, 
whether  thi?8e  bo  i!ubcut«neoua,  or  situatod  banaalh  ton* 
dons  that  (^Udo  over  bonea. 

Till-  snruiui  nteinbraiiCM  form  t^oaed  saca,  and  exist 
wherever  the  free  surfaces  of  Tiforra  come  into  oootaati 
with  each  other,  or  lie  iti  carillee  unattached  to  surromul- 1 
ing  piirta.  Tho  vixecra,  which  nro  invtvrtod  bj  a  serous 
membrane,  are,  as  it  were,  prees^  lalo  the  «hut  f»f  n-hicfa 
it  forms,  wuT^'itig  bi-foro  them  a  portion  of  the  membrane^ 
which  scrvoH  tm  thcjr  invpstinent.  To  tlio  law  that  aeroiU 
membronee  furm  shut  sacH,  there  is,  in  the  human  sulgect, 
ono  cxwptioii,  TiK. ;  tli«  opening  of  the  Fallopian  tubes 
into  the  abdominal  cavity, — an  arrnngemont  vhU-h  oxiitS 
in  moa  and  all  Vertebrata,  with  the  excepUoa  of  a  few 
fiahea. 

The  principal  purpoM  of  the  serous  and  nynovial  mom- 
hranen  is  to  furnish  a  smooth,  moUt  surface,  to  facilitate 
the  movement"  of  tho  invested  organ,  and  to  pruvcut  tho 
injurious  effects  of  (Hction.  This  purpose  ia  especiBllj 
inaoifci(t«d  in  jointH,  in  which  frue  and  esteosiTe  mOTO- 
manta  take  place ;  and  in  the  stomach  and  intaatioee,  whiob, 
from  the  varying  quantity  and  movemeiate  of  their  ooolwita) 
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^bre  ia  iiIiiio«t  cotutont  nwtioa  npoo  one  onoUicr  aiul  tb* 
^Birklla  of  tfaa  obdomat. 

'         Th«  fluid  MCtwted  from  the  free  surface  of  the  atrma  Bwn* 
branes  is,  id  health,  rarely  moie  Hum  aullic^ioat  to  •niuro  the 
intonaDCOof  tlivinnouitiirv.  The  oppo«ed  surfaces  of  each 
lus  sac,  are  at  ev<?ry  point  in  contact  with  each  otb^r,  and 
iTO  tia  niiiii:t!  ill  wliii'Ji  llutti  vaa  oollect.  Aft«r  daatb,  a  lurgcr 
autiCy  of  fluid  is  usually  fbtuul  in  oach  mtous  sac ;  but  tbia, 
not  ttie  product  of  manifest  diseaae,  is  probuLljr  Mi«h  as  has 
iUiIinI  after  death,  or  in  tli»lii*t  liouTKof  life.  Anexccwof 
ich  Uuid  inanyofthpncroussscscoiulitutos  dropsy  of  the  sac. 
Ttio  fliud  niUuruIly  sodvtod  hy  the  serous  membrane* 
appears  to  be  Ideatical,  in  genmsl  and  ehemical  vbaraclArs, 
with  tlie  Mrum  uf  the  l>lix>d,  ur  with  T«ry  diluto  liquor  sao- 
inis.     It  !s  of  a  palo  yellow  or  Blraw-oolour,  slightly 
id,  allcalino,  and,  because  of  the  presenra  of  Blhumm, 
llj  bwL     Tbo  pnMWDm  nf  a  minute  quimli^ 
'flbria,  ti  I«ul  in  tho  dropsical  fluids  etfused  into  the 
UN  catiti««,  is  sbuvni  by  tbi;ir  partial  congulation  into  ft 
jelly-like  mass,  on  tho  additiou  of  certain  auimol  substances, 
on  mixture  with  oertaia  fluids,  tupeviully  sucli  as  uontiua 
iMUs  (p.  75  tt  Mq.).    Tliis  suailority  of  the  serous  fluid  to 
th^  liciuid  part  of  blood,  and  to  the  fluid  with  yrhkh  moat 
auiuiul  liuuea  are  moistened,  renders  it  probable  that  it 
ia,  in  great  measure,   separated  by  simple   tiSAituUtioB 
through  tlic  voUs  uf  llie  bliiod-v(!!eiJfi.     The  prolMbility 
ia  increased  by  tliv  tiict  thiil,  in  jnundicn,  the  fluid  in  the 
aerous  sacs  is,  equally  with  the  serum  of  tiie  blood,  coloured 
with  the  bile.     But  there  is  reason  for  supposing  tlmt  the 
fluid  of  the  cerebral  ventricle*  and  <^  the  arachnoid  sac 
ore  exceiMions  to  this  rule ;  for  they  difler  from  the  fluids 
of  the  other  serouii  wice  not  only  in  b<;iug  pcUudd,  colour- 
less,  and  of  much  Ich  vpooifiu  gravity,  but  in  that  they 
•eldom  reociro  the  tinge  of  bile  in  the  blood,  and  are  not 
eoloured  by  madder,  or  other  Kiuiilur  mtb>UuiG4W  introduced 
abundantly  into  the  blood. 
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It  i*  rIm  prnlinVIe  that  the  fonnalion  of  aynovial  fli 
ia  a  proc««8  of  mora  ginnuinfl  and  olaborate  •ecrvtiaa, 
m«aDH  of  the  epithelial  cells  on  the  eurEnce  of  th^  mi 
hriuii!,  aui]  rApMiiuIlj'  of  tlioae  «-hiuh  are  accumulated  ad 
the  edg«a  and  procniwc*  of  thu  oj-novinl  fringM  ;  for,  in  ita 
peculiar  densin*,  viscidity,  tind  abuDdance  of  alhumi 
KjnoTiu  diffitn  ulilce  from  l}i«  iteruiu  of  hlood  and 
the  fluid  of  any  cf  th«  kitous  cavidoa. 

Tlio  mueviii  jnetribraiifi  line  all  tlioae  passages  by 
intorual  paria  comtiiuiiioato  with  iha  exterior,  And 
which  eilhor  mattora  ar«  P<Iiniinitt«<d  from  the  body 
fbteign  Bubetanccts  taken  into  it.  They  are  M>ft  tod 
Tvlvety,  and  extremely  vaacular.  Tlicir  gemn^  ntructura 
resemblo*  that  of  mroua  menbranee.  It  oonsiati  of: 
epithelium,  basetiumt  membrane,  aud  fibro>eellu]ar  «r 
ar(X>lnr  tistiuo  containing  l>lood-TQM^,  lymphatic*,  ibI 
nerves.  The  atructuro  of  mucous  raembransB  Is  las 
uniform,  especially  as  re;^arda  thi'ir  cpithi'lium,  than  ftit 
of  spmu"  mcMnhr/ini'.i ;  but  tho  Tarieties  of  stnuton 
in  different  parts  are  described  in  oonni.>ctio&  with 
the  organs  in  which  miuviua  menibranM  are  pnsea^ 
and  need  not  be  here  noticed  in  detail.  The 
surfaces  of  mucous  membranes  are  attaclicd  to 
OliiCr  tiiMues ;  in  llie  tongue,  for  cxanipln,  to  muovavi 
on  cartilaginous  parts,  to  pciricliondrinm ;  in  the  ceU*  of 
the  ethmoid  bone,  in  the  frontal  and  sjihenoid  iiinus», 
tin  woti  OH  in  the  tywimnum,  to  periosteum ;  in  the 
intestinal  CAoal,  it  is  connected  with  a  firm  suhniucous 
membrane,  which  on  its  estorior  gives  attachment  to  (ha 
fibraa  of  ihe  musciikr  coat. 

Tho  mucous  mouibrauoH  ara  dtuwribed  as  lining  eertain 
principal  tracts.  I,  Tii^  iiiijf$t ire  iracl  cominnnoos  in  the 
cavity  of  the  moulb,  from  wlitch  prolongations  pasa  into 
the  ducts  of  tho  naliraiy  glnnds.  From  the  ntouth  it  pi 
through  the  fauces,  pharynx,  and  mopbagiis,  to 
stomach,  and  is  thence  continued  along  tli«  whole 
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Uio  intoctioiil  caBtkl  to  tlie  termtDatioQ  of  ihti  mdarn,  l^ein^ 
in  ila  course  arroiiii^d  la  tlie  vuriuiiii  lolHn  unci  cipprfisaioiis 
■Ireodj'  (iciNTilMHl,  uTid  pro[ong<Hl  into  the  <1ucU  of  ths 
pancreaa  and  liver  and  into  tbe  goll-Uitddi^r.  2.  'lli* 
Moratory  tract  iudiideH  tlio  mucotui  mombraDGi  lining  tha 
cavity  ot  tbo  doso,  nnd  tlir  Tnrioiis  einusM  contmuuicntin^ 
irith  it.  tho  Uchr^ol  canal  nnd  sac,  tlie  conjmictirtt  of  t)i« 
flfe  uid  cyelida,  oud  lli«  prvlimgation  which  pasaea  alons 
tbe  RuHtochiao  tultos  and  lines  the  tjrtnpanum  »nd  l)i9 
inner  mtrtttca  of  tbe  mcnibmna  tTTUpatii.  Crci»ring  the 
pluurnx.  Olid  lining  thnt  port  of  it  which  is  above  the  soft 
palate,  the  rcepinitory  tract  l^nds  into  the  glottis,  whence 
it  in  wntinutid,  tliroiigh  tim  luryiix  and  (rtichcn,  to  the 
hsonch!  rtnd  th«ir  dinaion*,  which  it  liuM  ns  far  aa  tbe 
branchM  of  about  -,V  of  an  inch  in  diameter,  and  eaa* 
dniioua  vith  it  is  a  laj-er  of  delicate  epithelial  meni- 
braan  wliich  exli>nds  into  tho  piilmonnry  c^IIb.  3.  The 
ftnito-itrinarij  tract,  which  tines  the  whole  of  the  urinary 
passage,  fVom  their  external  orifice  to  th«  terminiition 
of  tlio  tiihuli  uriiiiftiri  of  tho  kidn«<y«,  oxt^mds  into  and 
through  the  orgoua  of  generation  in  both  Hcxes,  into  tlie 
ductdof  tlio  gland* oonnectml  with  thorn;  nnd  in  the  femak 
becomes  oontiDuous  with  the  serous  memhrano  of  the  abdo- 
moa  at  tlie  limbriw  of  the  Fallopiun  tubM. 

Alon^  each  of  the  above  trncU,  nnd  in  different  portions  of 
escli  of  Ibem,  the  mucous  membrane  presents  certain  otruc* 
turol  poculinritios  iidnptcd  to  tho  fimctionit  vrhioli  each  part 
baa  todisohorge  ;  yet  in  some  essential  characlers  nuootia 
uembratie  is  ibe  same,  from  whatever  part  it  is  obtaimHl. 
In  all  iho  priiifipiil  nnd  hirgcr  pnrlif  of  tho  sovcrnl  tracts,  it 
presents,  as  juat  remarked,  an  external  layer  of  epithelium, 
aituated  ujiou  tiatinntnt-tnembrane,  and  beuiNttli  tlii*,  a 
•bBtuiD  of  Tojtculnr  titsuo  of  vurinblo  thiclcnoss,  which  in 
different  cases  presents  oilher  out-growths  in  the  fonn  of 
papillee  and  villi,  or  depressions  or  inrolutiona  in  tho  form 
of  glanda.     But  in  lite  prolungutiunii  of  th»  tracts,  wherd 
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they  pan  into  g:luid-diiota,  tkttaa  Miutituents  are  reduced 
in  tiie  fiaeet  brancliM  of  tim  duct*  to  the  flfHtholiuin,  the 
primury  or  baaement- membrane,  and  the  capUlaiy  Uood- 
T«wcls  i^vTMul  ov«r  tlM  Dut«r  nurikco  of  Ihu  Intt^ir  in  a 
single  lajer.  * 

Tlio  primary  or  basement- membnua  ia  a  tlun  tm» 

eot  l&yor.  sinipk',  batnognnooiu,  oiuljwith  do  dif>romihb 
rui^tura,  wliich.  on  the  larger  miuioas  noafaraneB  that 
havo  n  biyiT  of  viucular  fibro-edlular  ti»u(>,  mnj  nppeor 
to  be  only  tlio  blMt«mik  ar  fbrmativa  eubstanoe,  oat  of 
vtluch  suooeauve  lajera  of  epithelium-oelU  ore  ftiRiMd. 
But  in  tho  in!niih<r  ilirisioiM  cif  tho  miicoHN  raembmiioa, 
and  in  the  ducts  of  glanda,  it  i«  the  layer  coDtisuous  and 
ooiTo-iponiluiit  with  this  bttaement-mombrano  th.-it  ibnu 
the  proper  walU  of  tlio  tube*.  The  cetl«  aim  whicti,  ti&illf 
tlic  lurgar  and  coarser  mucotia  membranes,  coostituta  thiir 
epithi'rtiiim,  vu  HMilinuotUi  vitb,  iind  oflon  sitnilar  to 
those  wliich,  lining  the  gland-ducts,  are  called  fflaml-eeBi, 
rather  than  epithelium.  Indeed,  mi  tnruda  disttnction 
on  bo  drawn  botwuon  tlie  npithelium-oclU  of  mtwom 
membrauM  and  gland-cells.  In  reference  to  theiT  position, 
as  covering  sur&oes,  they  might  all  be  called  qntlu'lium- 
oolla,  whethor  they  lie  on  open  moeous  membranee,  or  in 
gland-ducts ;  and  in  refJeie&oe  to  tlie  prooeaa  of  anoretioB, 
they  mij^kt  all  be  called  gland>«ell»,  or  at  leoat  socrotii^ 
cells,  aince  they  probably  all  fiiMl  a  secretory  olBos  b/ 
separutiug  cerlaiu  di-iiuitje  inatoiiaht  Irnm  the  btood  nmd 
from  the  part  ou  which  they  are  seated.  It  is  only  an 
artiiioiul  distinction  which  ualiiiB  tliem  cjiilliolial  cells  la 
oiiv  pliure,  uud  ^laud-tMlhi  in  another. 

It  thus  appears,  that  the  tissues  essential  to  the  pro- 
duction of  a  secretion  are,  in  their  Mm])lix>t  fiirm,  a  niniplo 
muniliraue,  having  ou  one  surface  blood-vessels,  and  on 
tho  otliiir  a  layer  of  cells,  which  may  be  called  eitber 
i^theliam-ceUa  or  gland-c<Jl».  Glands  are  provided  lUso 
vitb  Ijnq^tis  vwe^  and  nerres.    Tbe  distributioa  of 
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tlio  formn-  is  not  peculiar,  and  need  not  bo  Item  ooq' 
sid«r^.  Nem-SbrM  am  diatribiitotl  hath  to  tho  blood- 
vcwh-Ih  of  liio  gUnd  and  to  its  ducts ;  oad,  io  mme  glands, 
it  U  said,  to  the  •ecretinf;  oeU«  alao. 

The  atmdure  of  the  elcmcntnry  porilom  of  a  eecietiiif;- 
opparotuN,  namoljr  ^ithelium,  eimple  membrano,  and 
blood-reuela,  baring  been  already  dMcribcd  in  tltts  and 
previous  cIia[>UTrs,  iri;  may  proni>od  to  coa»id>>r  tlio  maimer 
in  whicti  Ihcy  are  arranged  to  form  tlie  vaiiotiei*  uf 
Kcreling  ^tandt. 


UCSZTIXG    GLAXDS. 

Tho  eocroting  gUada  ar*  tLt!  ornaaa  to  wbicb  tho  olTita 
of  secreting  is  moro  oitpocinlly  nKrritir'd  :  fnr  thwy  appear  to 
be  occnpird  with  it  a]on«i.  They  pree^ct,  aiuid  manifold 
diver«tic8  of  form  aud  oomiJOBilion,  a  guMUtral  plan  of 
Structure,  by  which  tbny  aro  dixtiiiguiiihod  from  all  olher 
textuTtiH  of  tli<!  bodj-;  ospeeially,  all  contain,  and  appear 
oonstnictcil  with  particular  regard  to,  the  arranjrement  of 
thtt  colli,  wliidi,  as  ulroady  oxprom^l,  botli  lino  th«ir  tube« 
or  cavities  as  an  epithelium,  and  elaborate,  aa  BSCreting 
cells,  till!  sub!itaii(«a  to  Lb  diw)iurgiHl  from  th«in. 

For  CDiiTonienre  of  dtuKTiplioii,  tlmy  may  bo  dividoit  into 
tbree  principal  groups,  the  cliaractera  of  each  of  vhicli  are 
detcTuiini-d  by  the  ditTtTciit  iiiodi-B  Ja  wliJdi  lb*  iiu«:tdi  or 
tubes  containing  the  wwTflling  colis  arc  groupod  :— 

I.  The  timpU  tuhaU,  or  rubu/nr  gland  {\,  fig.  los),  exam- 
plON  of  which  aro  furiuHhcd  by  the  several  tubular  follicle* 
in  mucous  membranoE :  eiipocially  by  tho  follicles  of  Lie- 
berkiihu  in  ilie  mucous  membrane  of  the  intestinal  canal 
(p.  300),  and  ttio  tubiilnr  or  gnjttric  gland*  of  th*  stotoach 
{p.  268)-  These  appear  to  be  simple  tubular  depreSMonBOf 
tha  mucous  nM'nihrniio  on  which  thi^y  opon,  unch  (nnsiKting 
of  an  eluDj*ated  gland-ve^cle,  the  wall  of  which  is  formed 
of  primary  mcmbmno,  and  is  liuml  witii  tic<;ntting  cvUs 
arranged  as  an  epithelium.     To  the  same  doss  may  be 
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mnptez  by  thft  pivwuce  of  »mBlI  ptiurlirN  ntong  their  sides 
(B,  fig.  105),  anil  6>nn  a  coDaoctiag  link  between  the 
momlH-rR  of  this  division  antl  the  next,  as  tlio  rcininir  li>- 
tbeir  length  and  tortiuMity  do  bntwoon  tho  first  division 
and  the  t^ird  (it,  ftg.  105). 

2.  Thn  agjfreitaUd  fflaudt.  includin);  those  that  iimxI  to  be 
onlled  eon jrfoHwnilff,  in  wbti'h  auambarofviTKicleBoriiciriiare 
■niuig«il  in  groups  or  lobulca  (c,  fig.  105).  Such  are  idl  thoto 
commonly  colled  mucous  gUiidH,  a^  tti«ite  of  ttui  tnuheo, 
TBginn,  4uul  tbo  minutn  Hnlivniy  glnnds.     Nueh,  also,  are 
die  lachrynial,  ihe  larg«  sHlirnry  aud  niamiuary  f^lands, 
Bnuui's,  Cowpi-r'a,  and  Duvumnjr's  glandit,   tbo  paucreaa 
Biul  prostate.     These  various  org^ttns  differ  from  ea«h  other 
only  ui  secondary  jiotuts  of  ntructure  ;  aucb  ua,  diiedy,  lli« 
mrruigommt  of  their  oscrutory  ductf>,  tlie  grouping  of  th« 
acini  and  lobules,  their  couueetion  by  fibro-cellular  tiasue, 
and  Kupidy  of  blotwI-Tuuiel.i.     Thu  acini  commonly  appoar 
to  be  form^  by  a  kind  "f  fiiiion  of  tbo  vralhi  of  several 
VGsidea,  which  thus  combiuo  to  form  one  oavi^  lined  or 
filtrd  nritb  iH<(!r4;tiiig  Ci^Iii  whioh   al.in   oc<c-upy  reoMWe  from 
the  main  caTifr^.     The  smaUrst  branches  of  the  gbtnd-ducts 
•mnetimes  open  into  tlie  oentrua  of  those  cavities ;   Mi>me> 
tUDM  the  odui  ore  clustorcd  round  tlio  cxtruinitips,  or  by 
tlie  ^des  of  the  duels :  but,  whatever  seooudnry  arrange* 
mcint  tliero  mny  he,  all  liavn  the  sttue  essential  chaructor 
of  rounded  groups  of  ve&iclps  tcntiuning  gbuid-i-nU",  and 
opening,  ditlmr  oiuaaionally  or  permanently,  by  a  i«mmon 
oeDtral  cavity  into  niuuti!  tlucLi,  wiiich  ducts  iu  tlic  largo 
glandfi   (lOnYdrge  and   unite    to    form    largor  and  larger 
branches,  and  at  length,  by  one  ootnmOD  trunk,  open  00  a 

tiiee  surfu<^o  uf  weuibraue. 
3.  tbo contiolutrd  tubular -flaniU  (n.  fig.  lOj),  such  as  the 
kidney  and  teAtia,  form  nnotbin'  iliviHton.  Them  consist  of 
tubules  of  membrane,  lined  with  secreting  cells  anaoged 
like  an  epithelium.  Through  iiearly  tlio  nhole  of  their 
K  long  coarae,  the  tubules  present  an  almost  uniform  siiH  and 
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Btructuro ;  Q]tiiaat«Iy  (be;  tenniiuite  eil]ier  ia  a  cul-d«-«ift 
or  bj  dilAtin^,  W  in  tliti  Mitlpif^liuiii  cnpHulcn  of  thu  kidwjr, 
w  by  fonning  «  umple  loop  oimI  retuTBUig,  as  id  Um 
toMiela. 

Amaag  thpoo  TBTietisa  of  struotaz*,  RD-lb*  panoonC 
glands  are  alike  in  eome  weentM  poinla,  bwidM  AoW 
which  tlii'j  liuva  in  nomtniMi  witb  mil  trutj  oncratiiig  Ktnw- 
ttirris.  'Iliov  ngne  iu  pTfvrating  a  Urge  extent  of  secreting 
eurface  widiin  a  <<oiii]>arativL*lv  ftinall  HpuMi ;  in  Ui«  mtum- 
sUuMxi  tliiil  wliiln  oDi;  mid  of  tlid  glaiid-<luct  opciu  on  a 
free  iiiirfa«e.  the  opjwsile  «nd  is  alwajs  dosed,  hnTing 
no  iliivvt  (nnimuDicutiiiu  witli  blood -tcmoIs,  nr  auj  otber 
cnntil  i  and  in  an  unifonn  arrangement  of  capillar;  blood- 
Tesseb,  nimif^'inK  '*^^  forming  a  network  around  the  walla 
nikd  in  tlin  intnrsHuM  of  tho  dnote  and  acini. 


FBOCESB   or  SECBBTTOX. 

Fmm  wbat  ba»  baon  aaid,  it  will  hiiv«  a1n>«dj  npp«'i 
that  tlie  modea  in  vfaidt  secretions  are  produced  are  at  Isui 
two.  8amo  fluida,  such  as  tha  socnitjnns  of  acmuK  mcBi- 
bnmes,  appear  to  be  simply  exudations  or  ooiings  from  tha 
blood-vessels,  wliose  qualities  are  dntenniut-d  \>y  tkose  of 
the  lifjunr  sau^iiiiis^  white  tho  quantitica  arc  liable  to 
varintion,  or  bto  chiefly  dependent  on  the  pre^*«ur«  of  tha 
blood  on  the  lotertor  of  the  blood -retiMtU.  itul,  ia  the 
production  of  tlie  other  secrcrlions,  such  its  tlioso  of  inu«>u» 
membranes  and  till  glands,  oth»-  besides  thaso  necbanical 
fbruw  are  in  opcrulion.  Most  of  tho  >eci«tiuii8  ate  indeed 
liable  to  bo  modilind  by  thn  c!rcumHtan>c<is  which  affect 
the  simple  esiidaticin  from  the  blood-vessels,  and  the  pro- 
ducts uf  sucli  cxudiitiniiK,  when  im<!i?kuvi-,  urn  upt  to  be 
mixod  with  the  more  proper  products  of  oil  tho  secreting 
orf^ans.  But  the  acl  of  secretion  in  all  glands  Is  the  result 
of  the  Tital  processes  of  cells  or  nuclei,  which,  ils  tlicjr 
dfiVelop  tilt; 111 sclres  and  grow,  fona  in  their  iutvrior 
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K  pnper   tiuil«riuU  at  tint  Mcrction,   niut    then  dbcbftTgo 

■  tbam. 

~        The   Iwiit  t'Ti^MicA  for  Oiit  viow  ts  :    tit.  Tbnl  coIU  and 

Inucloi  ara  constitiieDte  of  all  glands,  liowerer  dir«n«  thttit 
OuUr  teraa  and  oUier  characters,  aud  aro  la  all  glands 
[ilaiQod  ou  tlio  iiurfiim  or  in  t\u)  rnvity  whonco  Lho  ewmUoB 
JK  pourod.  2H(f.  TItat  many  eeeivtioiu  which  ara  rioiblo 
with  the  raieixiiK-xijHa  may  bo  avea  in  tlio  cella  of  tiuAr 
glanibi  befbn  thay  are  discbargad.  Thii«,  l>il9  may  be 
ofUo  diaoerited  by  ita  y«lloa-  tinge  in  the  ^'liind-coILi  uf  Ilia 
Uwttt;  apcrmatoxoida  in  tho  cdlit  of  the  tulniU:*  of  th« 
g:raoul«8  of  nric  acid  in  thma  of  the  lu(lne}-8  of 
tty  panicles,  like  those  of  milk,  to  the  oolla  uf  the 
mammaij'  glund. 

The  prooeu  of  eocretion  might,  tbarefore,  be  atud  to  ba 

amonipliahed   in,   and   hy   the   life  of,  Dieoe  gland-cellK 

Thfy  appear,  IJko  the  cnllEi  or  othnr  eliinivnta  of  any  other 

^    orgvQ,  to  develop  lhein»clvM,  grow,  and  attain  their  iudi- 

H    vidual  pi'rfecliun  by  appropnatiug  the  niilrim<!ut  from  the 

adjacent  blood-TMseU  and  olnboruling  into  the  materials 

of  their  valls  aud  the  contenta  of  their  cavities.     lu  this 

porfactcd  vtaUi,  tin^y  Ktilinijit  fur  aonio  brief  titno,  and  whoa 

that  period  ia  over  they  appear  t»  (Iiw<olve  or  buivt  and 

yield  themselves  and  their  contents  to  the  peculiar  matorial 

of  tho  Bocr«tioD.     And  tliis  appears  h>  be  llie  caao  ia  omy 

l>art  of  the  gland  that  contjuiu  the  appropriate  gland-cdla ; 

I'  Ihorcfora  not  in  thu  extremities  of  the  ducts  or  la  the  aGioi 

alime,  but  in  gmat  purt  of  their  ll^ngth. 

lu  tlieee  things  there  is  the  cloMsl  roeemUanoe  beta-em 
wcretiun  and  uutrttioui  for,  if  the  purpocu  which  tlto 
MCivting  glanda  aro  to  acrva  in  the  economy  be  disie- 
garddd,  their  formation  might  be  considered  aa  only  the 
pnMwsH  of  nutrition  of  organs,  whose  siiie  aud  othi^r  con- 
dition* oro  tnaiutaiiiod  in,  aud  hr  mcaiuM  of,  the  continual 
aucceeuon  of  cells  developing  themselves  and  |>a)»iiig 
uMtiy.       In  otlivi   words,  glands  are   uialntouied   by   the 
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dcrvelopment  of  the  oella,  and  their  tontiotiaiic*  in  the 
I>err«ot  sinti^ :  itud  tbib  MCrctioim  aro  diwliarged  sa  lli> 
ooiislitutnt  gliuid-ii'IlH  dogciuiruto  niid  nra  net  free.  TIm 
procQ6Se«  of  nutritioa  and  eeoretion  are  umilar,  aliw,  in 
their  obscurity :  there  U  the  same  difRculty  in  sa.viiif;  why, 
Oiit  of  up[iAn:titly  tbti  naau>  mutoriaU,  the  ceUn  of  oiu'  ^aai 
<:lubonito  th«  ciODiiioDonts  of  bile,  while  thoM  of  asotliv 
form  the  compooeuU  of  milk,  and  of  u  ttiinl  those  of  sulin, 
aa  thvn!  I*  id  dnlcrmiiiiii)!  why  «ni'  liMtio  fonni>  rjutilflg«, 
unotlier  bone,  a  third  tuiiAcle,  or  any  otlier  tissue.  In 
nutrition,  uUo,  an  in  Mic-rvtioQ,  Home  <!lriiiMitii  of  tiwuM^ 
audi  M  tlio  gvtulinouB  tiffiucs,  aro  diifcreot  in  their 
cbeiuicol  i>ropertie8  bum  any  of  tlie  coDstilueDla  ready- 
formod  Jn  th«  blood.  Of  thiwo  difforvnoos,  nlto,  bo 
account  can  he  rendered ;  but,  obtcure  aa  iho  cause  of 
tb«e  divunitiect  uiay  Im,  they  arv  not  olijirctioiM  to  tlw 
explanation  of  Mcrction  na  a  process  similar  to  nutrition  ; 
&Q  expIanatJOD  with  whidi  all  the  favta  of  tho  caav  aio 
rvconcihiblo. 

It  may  he  obeervod  that  tho  dirersities  presented  l>y  thu 
Other  constiluents  cf  gUmdH  ufford  no  fxiiIanuEion  of  tbo 
diffemtUVB  or  iieculiaritic-s  of  thoir  nnvorul  products.  There 
are  many  diflVrenccs  in  the  arran);^meuls  of  the  Uood* 
Teasels  in  different  (glands  and  mucoua  luitnihranm ;  and, 
in  accordancu  witlt  tliu.if,  much  divnrsiiy  in  the  rapidi^ 
with  which  the  blood  traverses  them.  But  tlicro  is  no 
roasuii  fur  heli«iriug  that  lhe»e  things  do  morv  tlian  in- 
fitience  tho  ral<!  of  tlie  pracf.ita  and  tho  qiifintity  of  tho 
uinterinl  eocrcted.  Ctritris  jkitU'um,  the  Kreatt^r  the  tmou- 
larity  uf  a  s<>creling  organ,  and  the  larger  the  supply  of 
blood  U-aversiug  its  vitasels  in  a  ^ren  tiaiis  the  lurg«r  is 
the  amount  of  secretion  ;  but  tUeru  Is  no  trridcnrc  that  the 
t|uuutity  or  mode  of  nluvt^meut  of  tho  blood  can  directly 
determine  tho  quality  of  the  secretion. 

The  DUchaiye  <•/  SKTttiotu  from  glands  vmj  take  pliioo 
as  eoou  w  ihuy  aro  Ibrand;  or  the  secretioD  saay  bo  long 
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rvUincd  within  tbe  gUnd  or  ita  ducts.  Th«  secreUona  of 
^laada  wlilcU  ai«  contimially  in  active  fuiui-tiou  for  thii 
I>tirifi(»ition  of  tint  blood,  Hurli  ii«  thi)  kiiloeys,  nro  g«Deraily 
discbarged  l>om  iho  gland  us  rapidly  u  thej  ar«  fanned. 
Bui  die  MH^^retioua  of  tliose  whoao  ac4mty  of  function  U 
only  uuuutiuiui],  mcb  lu  th«  tatti(J«,  nrv  uitiuilly  retained 
in  tb«  ducta  during  tbo  porioda  of  the  gland'a  ioaotioii. 
And  tti«r«  are  gUuds  vtiidi  ai«  like  botJi  tli«4M  doMM, 
•nch  iM  tho  UrlirymaJ  mid  viklivajy,  wliicb  conatantly 
HcreM  email  portions  of  fluid,  and  on  occasions  of  greater 
vxnitMnunt  diwiliarge  it  more  ttbuuduatly. 

Wfa«D  discbnrgied  into  the  durta,  th»  further  oouriao  of 
•OcretionH  h  effevted  iiartly  by  th«  preeaure  trom  behind ; 
the  fireah  quantitioa  of  HicmliDn  propoUiiig  thoao  that  w«r« 
fbrai«d  before.  In  tiie  larger  duota,  ita  propulaion  is 
nssistod  by  tbe  contra<.-ttou  of  thoir  wulla.  All  tiio  larger 
dnots,  auch  m  Iho  nreter  uid  common  bile-duct,  poasesa  in 
their  coula  organic  muaoular  fibres ;  they  Gootnkct  when 
irrilnttid,  and  aumctimc*  inauifciit  poriiitaltic  inommraiU. 
Ilemard  and  Itrown-Setjuard,  indeed,  hara  observed  rbytb- 
niiu  contractiona  in  the  pancreatio  and  bile-ducta,  and 
also  in  tho  un^ters  and  viliii  di^f'truntio.  It  is  probabU 
that  the  conuoctilo  power  extends  along  tlie  duL-ta  to  a 
fonwidMrable  distance  within  tbe  substance  of  the  (glands 
whose  secretions  can  be  rapidly  axi>ullt>d.  Sidiva  and 
milk,  fbr  instance^  are  sometimes  ejected  with  much  force  ; 
doubUsss  I7  tho  enea^vtic  and  nimultaneous  contraction  <^ 
many  of  tlio  ducts  of  their  rc«pivtivn  glandn.  Tlio  oontnc- 
tion  of  tbe  ducta  cun  only  expel  the  tluid  tliey  contain 
through  their  laain  trunk ;  for  at  tlieir  opposite  uids  uU 
(Im  duets  are  closed. 

Cirtwmflancf*  injlueneing  Sfcntion, — The  influenco  of 
external  cooditiona  on  tlie  functions  of  glands,  is  mani* 

:  Anted  chiufly  in  alterations  of  tbe  quantity  of  secretion; 

^ttld  among  tbe  priuripat  of  tlitiae  conditions  ai«  variations 
in  the  quantity  of  blood,  in  tho  quantity  of  iho  peouliar 
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materials  for  any  seoretion  that  it  may  oontaiii,  and  in  Uw 
uiiiditioiiH  tif  thct  nerve*  of  tlie  glands. 

In  g«Dond,  an  incfoaae  in  th«  quantity  of  blood  tra'v 
a  e'^'^''-  o»in<)<deB  with  on  augmentation  of  Ob 
Tbun.  ihn  mucouH  incmlntine  <if  tb«  stonwob  becomos  floiU 
whra,  on  tho  introdaotion  of  food,  it*  glnndii  >>«^n  to 
secrete;  tUe  mauiuuLcy  gland  becomea  much  more  v«*cnlar 
during  lactation ;  and  it  appnani  that  all  ^fireumataiMM 
which  give  rise  to  an  increase  in  th«  quantity  of  iniit«rial 
secreted  by  an  orfcan,  produi«,  cointidently,  an  increased 
supply  of  blood.  In  Emmt  ciuMi,  tlio  incri-em'd  anpidy  nt 
blnod  rathnr  follows  tlian  precedes  tbo  incrauto  of  Men- 
tion ;  as,  in  tbe  DiitriliTo  procesacs,  the  increased  nutrition 
of  n  part  juHt  pr«<«d(>a  and  deUirmiucs  Uie  increnMd 
KUpply  of  blood ;  but,  m  also  in  th«  nutritive  proceM, 
an  increased  supjdy  of  blood  may  hare,  for  a  conseqneBGe^ 
uu  iiMrrRiuirid  notn^tioii  from  the  gtunda  to  whiili  it  is  senL 

Glands  also  aocrcto  with  increased  activity  when  ilia 
bloud  cuutuiuH  more  than  usual  of  tha  malertala  they  are 
dcsi^iRil  ti>  ttcpnriiti.-.  Thux,  wK»u  an  C-xotiM  of  nran  is. 
in  the  blood,  wbelher  from  excessive  «xercjse,  or  &0o> 
destruction  of  one  kidney,  a  healthy  Mdney  will  tiattt 
moro  than  it  did  brrfom.  It  will,  ut  tlii<  atmn  time,  grow 
larger ;  an  Interesting  fact,  as  proving  both  that  secretion 
and  uutritiou  in  glauds  are  identical,  and  that  the  presrae* 
of  cprtaiu  Tnatorialjt  in  iho  bhmd  mny  Innd  to  th(t  formation 
of  structures  iu  which  they  may  be  incorporated. 

The  process  of  Becretion  ia,  also,  largely  injOiuaood 
by  the  condition  of  the  nervous  By8t«in. 

The  exoi't  mode  iu  which  t)ie  nervous  system  iiifluoncea 
secretion  must  be  still  rcganlixl  ik  Mimcwlmt  obscuro.  lo 
part,  it  exerts  its  influence  by  increasing  or  dimiDishing  the 
quuuti^  of  blood  supplied  to  tho  secreting  gluud,  in  virtue 
of  the  power  which  it  exercises  over  the  contractility  of  the 
smaller  blood-vessels;  while  it  also  has  a  more  dinx-t  in- 
Uueiice  atudogous  to  the  troplik  iudue&ce  referred  to  iu  lh» 
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cfaapternn  NnntiTioit.  IteiofiueBoeoTCTBecT^tioit,  aaw«II 
as  orer  ut!i«r  futtcttons  of  the  body,  may  W  excited  by 
GftuMM  nctiiiff  directly  upou  Ui«  norrous  centros,  upon  the 
nerves  going  to  the  secreting  organ,  or  u)iou  tlw  nerres  of 
other  partft.     In  thd  liittnr  caim,  ■  rvllex  action  i»  prodnciid  : 

•  thus  tlis  impreuion  produced  upon  the  iwrvoiis  <«ntreB  by 
tbo  contact  of  food  in  tlxt  mouth,  is  reflocti>d  upon  tlie 
nerroa  tmpplyiuK  tbi>  aaliTaiy  gtauda,  and  produoea,  through 
'^-  tho*o,  n  morn  nlxindiiut  fwcrotioii  of  talivA. 
^P      Through  tho  norves,  vnrioiu  condition*  of  the  mind  nlm 
)n6u«nc«  lh«  secretions.     Thus,  the  thoiighl  of  food  mny 
be  MiiBcieiit  to  excite  an  abundant  tlow  of  i>ftliya.     And, 
^Kprobably,  it  La  tbo  menial  atotu  ivhith  excitw  (he  abundant 
V  MCretion  of  urino  in  hysterical  paroxirsma.  na  w«U  aa  ths 
H  penpirulioiia  and,  ocvaaiooally,  dtarrhoaa,  which  ensue  under 
H  the  induenoe  of  tiyrror,  and  thv  t«m  exettud  by  sorrow  or 
exc«aa  of  juy.     The  quality  of  a  aecretion  may  also  bo 
nfiToctoil  hy  the  mind ;  us  ia  thft  vaam  in  which,    tlirough 
grief  or  paasioD,  the  secrotioD  of  milk  is  alivrrd,  and  is 
som^m«s  so   chaoj^    aa    to    produce  irritation    in    the 
alimentary  cnool  of  the  child,  or  ovimi  death  (('ju^)Rnt«r). 

I  The  seoretiona  of  some  of  the  glands  seem  to  huax  a 
certain  relutiou  or  antagonism  lo  each  other,  by  wliicfa  oa 
tncrensed  activity  of  one  is  usually  followed  by  diroiuiahed 
octirity  of  cue  or  more  of  the  othen;  and  n  di'ntngvHl 
oundilioii  of  ouo  ia  apt  to  «utiul  a  disordered  state  in  the 
others.  Such  rehttions  appenr  to  exist  among  the  various 
macouH  membranes :  and  the  close  relation  between  tlio 
secretion  of  the  kidney  and  that  of  (lia  tliin  is  a  subject  of 
cgpstant  obiiervulion. 


CHAITKR  XIIl. 


TUB   TABCVU*  OIJIKDS;   01   OUXIM  WITnOtTT    SrCTS. 

TnB  natcTuU  soporated  bom  tlw  blood  by  the  ordinal/ 
pmcrM  of  Aocretion  bjr  glnoila,  are  always  dUcliRrged  from 
ihe  organ  in  irbidi  tbey  are  formed,  mid  cither  stnufirlit- 
wfty  axpollod  from  tbo  body,  or  if  th«]r  aro  again  rec«ived 
into  tfae  blood,  it  is  only  after  they  have  be«n  altort^d  from 
dudr  orlgiiuU  t'ouilitinu,  u.s  in  tliti  cascsi  of  (liu  aaliva  and 
bilo.  Thoro  appears,  howover,  to  bo  a  modification  of  tkt 
praccw  of  eecreliou,  tn  which  certain  mateiiala  ar«  ab- 
stractLil  from  tli»  lilooil,  iinilorgo  soma  dtango,  and  ai« 
adiSod  to  tho  lymph  or  restored  to  th«  blood,  without  beiog 
previoiuly  di»t('liarged  from  Uio  aecreting  organ,  or  made 
>uv  (if  for  liny  MXioiiiltuy  purpoee.  Tlw  bodies  in  which 
this  modilied  form  of  secretion  takes  place,  are  oaudly 
di>W-'rili(*(l  lui  vauulur  gliuidH,  or  gbuids  witliout  dui^  and 
iucludn  tho  Bpleen,  the  thymus  oml  tliyroid  glands,  tJi« 
Bupra-reiiid  tapBuIee,  and,  aci-ording  to  (Esterlin  and 
Ecker  itud  OuU,  tho  pineal  glnnd  and  pituitary  body; 
pouribly,  also  the  tonsila. 

The  solitary  and  ugtiiinnl/i  {tliinds  of  tho  iotmline 
(p.  302),  and  lymph -glands  in  (^iieral  nI»o  closely  reeom- 
blc  thiiu;  indeed,  l>oth  tu  stritL-lure  uud  fuiiclioo,  the 
Tuculnr  glands  hear  a  rloHi  rcUtion,  on  tlit>  one  hand, 
to  the  true  secreting  glands,  and  on  tlie  other,  to  the 
lymplitttic  glands. 

Tiio  evidence  in  f^voor  of  tbe  view  that  these  organs 
exercise  a  function  analof^uH  to  tliui  of  secreting  glands, 
ha*  bcea  chiufly  obtained  from  inveetigntioiu  into  thvtr 
Mructure,  which  have  shown  that  most  of  the  glands  with- 
out ducts  euntuiu  tlto  nunie  easeiitiiJ  stmcturea  aa  tho 
aeur«tiug  glands,  exccx't  the  ducts.     They  Br«  mainly  com- 
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pocpcl  of  tcjIc1«h,  or  M«cult,  citlier  atmjild  aaA  dosed,  as  in 
the  th^raid  {Sg,  toG),  uid  •upm-rcnit]  cnponlc*.  or 
vuioutJy  branelietj,  and  witli  the  carilies  of  the  scnvral 
brsDchcfl  coiiiiiiiinii:iitiii{{  in  uu<I  liy  <'t>iiiiii(>n  canals,  »a  in 
tlut  thymus  (tig.  107).  Thmo  v^cIm,  liko  tho  ludiu  of 
MN^i«tiiig  gUmds,  are  formed  of  a  d»licat«  bomogeiMOUB 
UMtml'mni',  uro  *tirroun<l<!d  witti  and  i>lU-»  trarened  bj  a 
vascular  plexus,  a&d  ar«  filled  with  finely  inol<<cutnr  nlbti- 
minouH  fluid,  sunjioiidtNl  in  whiuh  are  eltlier  graiiules  of 
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or  ryfoblaots  or  nuclei,  or  nucleated  cells,  or  a  mix- 
ture of  all  thl■!H^. 

StTuetun  <^  tht  SpUff. — ^Tlie  sploen  is  covered  ext«r- 
'  almost  complet«tjr  by  a,  aeroua  coat  derived  from  the 
a,  white  vrilhin  tliU  in  the  projuir  librouif  coat  or 
capsule  of  tlie  organ.  Tho  latter,  oomiKwed  of  comwc- 
tivQ  tiMuo,  irith  a  large  preponderance  of  elastic  gbi«s, 
forms  the  immediate  iaveatineut  of  tlie  cplveu.  Piulmigud 
from  its  inner  surfnco  aro  fibrous  prorciwos  or  tralfcuta, 

rig.  10&  T«dcln  tnm  th«  Tlij-mid  Olan.l  of  *  CliiM  ifrvm  KSl- 
liknr)  W.  a,  eaan*c(ir«  tiaiuu  lKilH«ua  tbo  iHui'Ioa ;  (,  t^iauJe  of  the 
VMidss  i  *,  tUair  ((iltulial  lUiUi^ 
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which  tatter  tbo  interior  of  the  organ,  ftnd,  dividing  aai 
oiuuitODioKiDg  in  all  parta,  form  a  kiud  of  su{ 
fnimovork  or  tiroma,  in  lli«  intorstices  of  which 
pTOi>er  fiubsUnce  of  the  spleeo,  or  the  tjAeeit-pttlp,  ia  am- 
tMiioA.  At  tlui  hilut  of  tliu  ^ilcm,  or  Uut  jMirt  nt  whieb 
iho  blood-veaeeU,  nervca,  and  lyinpkatioe  enler,  Uie  fiUvu 


Fif  107." 


\ 


coiit  ia  prolimgcd  into  th» 
tpleen-eubattuioe  in  tb«  Ibrai 
vf  inrrading  olinuUta  (or  tlis 
nrt«riee  and  veins,  vhich 
iiiieallis  itgiiin  an  <»>iut4>cted 
niih  the  traUevia  b«fan  r»- 
fi-rred  to. 

I'ho  tpltfrt-fmlp,  whidi  il 
a  darlc  t«d  or  reddish-btown 
uolour,  ia  voinposed  chiefly 
of  cells.  Of  thewc,  nonet  sn 
{^ouular  corpuscles  rmem- 
l>Uiig  the  Ivmjili-ooqmsde^ 
I'lh  in  gonvrul  nppcnruice 
lEiiJ  io  being  able  lo  i>erfoTm 
aoiooWd  tnovemcnto;  othen 
are  red  blood-corpuBclm  of 
normnl  appeAraace  or  VfiriouglvchiuigL-d;  while  Uwre  are  abo 
lar^  cells  contaiuiDg  either  pigment  id  lied  to  llie  colouring 
matter  of  the  hloud,  iir  rounded  wrpuseles  like  rod  hlood-eelli. 
The  splenic  orter^-  which  eiitvrs  tlie  apleca  hf  its  cook* 
riivo  surface  or  liUiit  divides  and  eubdividwt,  »-ith  but 
little  anastomosis  betn-een  it^  liranLliee,  in  the  midst  of  tlta 
spleen-pulp,    nt    the     same  time    that    its    branckea  tn 


*  Ftg.  107.  TrnnnTfrw  SiiutloD  nf  «  Li>bnls  nf  »n  Injcctod  lalWotU* 
Thymnn  OUnd  (afur  K(i)lik«r}  (migulllwl  30  dlamMctii).  a,  ea{«ilk 
of  conTKiclii'ti  tit»u«  tiinviiuittij);  (he  loliul«  ;  6,  nioinbrano  of  tlM 
glaniliiUr  vpuclo;  e,  cavily  of  the  lolinl?,  from  irliit'li  tlw  laTgDr 
blouil-veivclii  are  aoen  to  «xt«DJ  towirJi  iui<]  ttmity  iit  tUc  apbetmdal 
laiLUM  «f  Ike  lobuls. 
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sliealfacd,  as  bcforo  tttid,  hy  iho  li>ir(>iu  vnat,  whirh  tfae^, 
■o  t(i  »[H>iik,  carry  into  the  spl«en  with  th«m.  Ending  in 
capiUari«<s,  they  eUluar  oommuuicuto,  um  m  otJi«r  pnrta  of 
thu  IxhIt,  with  tho  rndiclM  of  tho  voins,  or  and  in  bicunar 
Lflpueaitt  tlie  splaen-pulp,  from  whidi  reins  arise  (Oraj^). 
Ob  llui  iiiL-v  of  a  «ovtiun  of  tlio  ^loOD  can  bo  usually 

Fif.  108.  • 


MeD,  readily  with  Ute  nakod  oye,  minnto,  sonttered,  rounded 
or  oval  wbttisli  sjiots,  mastly  from  ^  to  ^  incli  in  dis- 
mclor.  Tlioso  aro  tlio  ifalfighian  corpmcltt  of  the  »j>Wn, 
aod  are  situated  on  the  sheaths  of  tho  miouto  splenic 
arteries,  of  which,  indoed,  they  muy  h»  Huid  to  he  out- 
growtlia  (li^.  108).  For  while  tho  sheathe  of  the  larger 
arteries  are  constructed  of  ordinary  oonnertivo  tissue,  this 
bu  1)000100  luodiliud  wh^re  it  forms  an  invtetmeut  for  the 


Tiz.  ir&,     Tho  fl^pire  ihowi  n  portion  of  s  smiill  ttt*Tj,  tSOM  of 
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■mailer  vesseli,  k>  us  to  be  a  fiii«  nidform  tixnifi,  with 
afcundunoo  of  cuq>ti»;1>'a,  like  lytaph-oorpasclea^  oootaiiuf 
Id   its  meshea;    and  die  Mal]>if::iiiaii  oorpusolea  are  but 
•mail  outgTOvthit  of  tliiit  et/tiH/enota  or  celt-bearmg  ocd- 
DQCtiTe  tiseuo.     The)r  an  compiMed  of  maases  of  oorpuacliM, 
InUnecled  iu  all  parU  by  a  deUcato  fibrillar  tutsuo,  vhjiih, 
though  it  inrrnl*  tk«  Malpiglunn  bodies,  does  not  fora  a 
oompl«t6  capsule.     lllond-capUlariea  travene   the  Malpj- 
^liau  corptutelea  and  furm  a  plcxu«  id  their  iatorior.     The 
etrocture  of  a   Mali>igbisa  corposcle    of   the   apleen  ii, 
th«efor«,  v^iy  umtUr  to  thut  of  l^-mphativ'gtaiul  sob- 
■*««»  (P-  355)- 


Tha  gADfrml  KsemUancea  in  structure  lieAweon  ositain  ot 
tlie  va*ciiliir  g1au<U  aitd  the  true  glitnda  htnd  to  the  suppod- 
tion  th&t  both  sots  of  organs  pnreiio,  up  to  a  oertatn  point, 
a  aimilAr  caur«u  in  the  dischar^  uf  iJiuir  functionn.  It 
in  nwiimod  that  ctirtatn  priocipUs  in  an  inferior  state  of 
organisation  are  elTus^d  from  the  ress^  into  the  sacculi, 
and  grailiially  drri^lop  into  nticlni  or  <7tobliLSta,  which  nay 
bo  further  developed  into  cells ;  that  in  the  growth  of  iImw 
wucK't  luiil  fellc,  thu  lualcriabi  derived  from  the  blnod  an 
pleliorntcd  into  a  higher  eoiKlilioii  of  organucation ;  and 
that  wliun  liberated  by  the  diuiolution  of  theee  oelLi,  thnj- 
pit^n  into  th»  lyniphnticH,  or  am  agaia  received  into  tbe 
blood,  nhoee  aptness  for  nutrition  they  Mntrtbute  to 
muiiituiu. 

Thi>  opinion  ihiit  thu  va^cMihtr  glundit  thus  s^rvo  for  the 
higher  organizntion  of  the  blood,  is  supported  bjr  tfadr 
being  uU  fspofiall)'  iitlive  in  liie  diacharfre  uf  tlntir  functions 
during  fc&tal  life  Qn<I  <'hil<lhood,  when,  for  tlio  developiaent 
and  growth  of  the  body,  the  most  abundant  supply  of 
highly  orgnni/od  blond  is  ni^nciwury.  The  bulk  of  llie 
thymus  gland,  in  proportion  to  tliat  of  the  body,  appennt  to 
bear  olmott  a  direct  ptoporlion  to  tho  activity  of  the  body'a 
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^HRRopnKDt  and  gimwih,  uid  vhtm,  Rt  the  pfricHl  of 
puberty,  tho  development  nf  tho  body  may  be  said  to  be 
complete,  tbe  gUnd  wnstes,  and  fioallj  diaappear».  The 
thyroid  g:laDd  and  supra-renal  «a)iaul«ei,  itUo,  tlimigli  tliny 
probably  DOTsr  oence  to  difcliarge  some  amount  of  function, 
yet  are  proportionally  mucb  BioaUor  in  childhood  than  in 
fix>tal  tifo  uiid  iiifaiii^y ;  and  with  ilia  yv-un  n<l*iiiiriiig  to 
the  adult  period,  they  dimiiiiah  yel  more  in  proportionate 
Kucu  and  apparent  activity  of  ftinttlon.  The  spU-eo  mora 
nearly  ntlaiiut  itd  pro[)ortionut(!  nmv,  tuid  enluqjv*  nutirly  m» 

klh^  whole  body  docs. 
I'hu  function  of  the  Tasvular  glands  sceina  not  eeaential 
to  life,  at  lua«t  not  i:i  tho  adult  The  thymiM  WMint  and 
diaappeara ;  no  vigat  of  illnp-K*  attend  some  of  the  diaeases 
which  wholly  destroy  the  structure  of  the  Utyroiil  ^laad ; 
and  tho  eplcpo  hiu  Ixxin  often  nnnoTOd  in  aaitnnl>i,  and  in 

»a  few  iii»tan<«B  in  men,  without  any  m-idonl  ill-i^Miiiwjupnce. 
It  i»  poMiblo  that,  in  niich  (luiu^.  winio  romponinliioti  for 
the  loss  of  one  of  tlw  organs  may  be  afforded  by  an  in- 
CreoMMl  activity  of  funi-tiou  in  those  that  remain.      Thn 
1      exporimont,  f  Iw  romjili-tr,  should  include  the  removal  of 
H  all  tfaeM  orgnn«,  an  ox>cration  of  course  not  pomible  without 
W  immeilLate  diinfr^r  to  life.      Nor,    iiidiMsl,   vroiild  thii*  h" 
certainly  Mittiu-iojit,  ninco  tlniro  in  rouiton  to  suppose  thnt  tho 
duties  of  tho  spleon,  after  ito  removal,  might  be  performed 
by  lyiupbilii,'  glands,  between  whose  slructuni  and  that  nf 
the  vuiculiir  glaudt  there  in  much  r«BKinhl<ince,  and  which, 
it  is  Mid,  Jiave  boon  found  pi^culiorly  enlarged  vthea  tha 
■pleen  boa  boon  removed  (Mt-j-fr). 

Allbough  tlio  function*  of  all  th«  vascular  glands  mqr 
be  similar,  iu  so  far  as  they  may  all  alike  serve  fur  tliu 
•luboration  and  luoinlenuute  of  tin;  blood,  yot  each  of  them 
prolwbly  dini'hnrgc.i  a  poculiiir  oHlce,  in  relation  either  to 
the  whole  economy,  or  to  ihat  of  some  other  orgiui. 
Be«pvcting  tlte  i^H-cial  olRco  of  the  thyroid  gland,  nothing 
reasonable  con  be  euggestoili   nor  is   there  any  certain 
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evideoioo  conccmiog  that  of  the  tupnfrenal  oap«tilM.*J 
Bmpevtjiis  the  thjinua  glarnl,  t]w  obMrrations  of  Air. 
Simon,  <xniliriiM>d  b/  thoM  of  FHcdlDlien  nnil  otben,  Iwn 
tboira  that  in  th«  faybarnctin;;  uiimnlB,  in  whicli  it  ^xatt 
throogboiit  life,  sh  e«cb  soccMure  period  of  b\'beniali«i 
BppTQiu'liMi,  till!  thymuHgTttatlyiiDlu^iM  and  txirainn*  buJn 
vitli  fat,  whinb  accumiiktM  to  itftnd  in  fnt-gtands  ronnfltted 
vritb  it,  ia  ervut  larger  proporUons  than  it  does  in  the 
ordinaiy  seats  of  adipoao  tiaauL'.  Hmu«  it  apptmra  to  Mure 
for  the  Horiug  up  of  nuil4)niLbi  which,  hmttg  ro-absorbed  ii 
[uii(;tivlty  of  thq  hvbcmctting  period,  may  maiatain  the 
irHpiritticiu  uiid  the  leiu[ii!rature  of  ilie  body  in  the 
State  to  which  tboy  fall  during  that  time. 

Wilh  pesjiect  to  the  oificis  uf  the  Kpliwii,  wn  batT 
eomofflmt  nioru  d<tfinito  information.  In  the  first  plac«. 
the  large  size  which  it  gradually  aoquirea  towards  the  ter- 
mination of  the  dig«!itiru  procCM,  and  thn  great  increue 
obBorved  about  this  pc<riod  in  the  amount  of  the  finely- 
granular  albuminous  plasma  vrithin  ita  parmchyma.  and 
the  Bukcequent  gradtml  docrease  of  this  material,  ae«m  to 
indicate  that  Ihia  oTg:an  ia  cononrnud  in  cUbomtiiig  dw 
albuininouii  or  fornuilivc  matt'rinU  of  food,  and  for  a  tine 
storing  them  up,  to  be  gradually  introduced  into  tbo  falood, 
Kt'cgriliii);  lu  tlm  d«niuiid!>  of  tliv  gv^fval  ^slem.  file 
email  amount  of  fatty  matter  in  such  pla«ua,  leads  to  the 
luienTnce  tliat  the  itland  has  littln  to  di>  in  re^iazd  to  the 
preparation  of  nialerial  for  the  reepiratoiy  process. 


'  Mi.  J.  llutrliinson,  md,  more  rcFontljr,  Dr.  WUk«,  foOsWimf  i 
Dr.  AiJiliMin's  diairovDiy.  hare,  hy  the  coUsctian  offt  Utg*  and ' 
Mrias  of  etac*  id  vrhkh  the  supra-nuial  cnprntlra  inn  discnwd.  do- 
aoiurtratad  inail  MtiifactariljtlicTciycloM  relation  ■uttUting  botwooi 
diwMM  of  t)iiN*«  oriptnii  and  bruwn  d!*«o]ontlt<iu  nt  lliv  aLia  ;  batth* 
ftxplunatiun  vt  Ibi^  rolntloa  ia  titiU  iavolrtd  in  oWunijr,  and  mow- 
<inentl7  docs  nut  aid  much  in  dot«miiniag  the  ranctiaui  at  tlie  mprt* ' 
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Tlken  flgaio,  it  e«eins  not  ImptobttUu  that,  u  HewsoD 
originally  8ugga9l«il,  tlie  aploon,  and  ])erhapa  to  Bome 
extfiot  tlio  othvr  VHcular  gl&nds,  ore,  lilce  the  lymplistie 
gtaada;  engaged  in  the  formatioR  of  th«  grrm*  of  mtbse- 
<{urat  Wood -corpuscles.  For  it  wpms  quito  cortain,  thst 
Iho  l)IoQd  of  thti  Hplenic  voio  contains  an  unusually  latgd 
tunount  of  vliito  oorpuscl«s;  and  In  tlm  (liseaao  termed 
leui-oc-rtlmtmiu,  in  which  the  pole  corpiucl(>s  of  the  blood 
are  remarkably  increased  in  nnmher,  thera  is  almost 
aliraya  found  an  lirpinirophied  iiliite  of  the  spleen  or  thy- 
roid body,  or  some  of  the  lyniplintic  glands.  Accordingly 
then  seems  to  bo  a  close  analogy  in  function  between  th« 
80-called  vasoular  and  the  Ij-mphatio  glands :  the  Ibnner 
clalinrating  iilbniniiiouii  principhn,  nnd  forming  thp  germs 
of  new  blood' corpuscles  out  of  alimentaiy  materiaU  ab- 
sorbed by  the  blood-vessels ;  the  latter  disi-harging  the 
Uln)  offioo  on  nutritiTO  materials  taken  up  by  the  general 
ftbsoibent  tystem.  In  KdUiher's  opinion,  the  development 
of  colourless  oud  also  coloured  coqiuKc^W  of  tlio  blood  ia 
one  of  the  eaeentiitl  functions  of  the  epleen,  into  the  veins 
of  which  the  nev-formed  corpuscles  puss,  and  are  thus 
conveyed  into  the  gtmoral  cumnt  of  the  circulation. 

There  is  reason  to  believe,  too.  that  in  the  spleen  many 
i)t  the  lod  corpiuctcji  of  the  blood,  thoatt  probably  ichich 
hare  discharged  their  otHce  and  are  vrom  out,  undergo 
tlinintcgration ;  for  in  the  coloured  portion  of  the  spleen- 
pulp  an  abundanco  of  such  <nrpu9icti;ii,  in  voriouii  otngoii  of 
degi>nerutii>n,  are  found,  while  the  red  corpuscles  in  the 
splenic  vcnoun  hhiod  are  said  to  be  relatively  diminished. 
Aooording  to  KuUiker's  (Iesi-riptio«  of  tliis  procwit  of  disiu- 
(egnttion,  the  blood-corpuscles,  becoming  smaller  and 
du'ker,  colk-ct  together  iu  rouuditdi  heaps,  which  may 
remain  in  this  condition,  or  bocoiu')  rnch  surrounded  by  a 
<^-irall.  Tho  tells  thus  produced  may  contain  from  one 
to  twenty  blood-corjuwolos  in  their  interior.  These  cor- 
piuciw  become  smaller  and  smaller ;  exchange  their  red 
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Ibr  a  golden  jreUow,  brown,  or  blitct  colour ;  and,  at  lengtlt, 
arc  converU-d  Into  pigmeDt-granulee,  vhich  by  dognea 
beoome  paler  and  pnl<>r,  until  all  colour  iit  lost.  ttn 
CorpooclM  undergo  the^e  diangee  wIiBlbor  tli«  heaps  of 
thera  aro  cnvdopcd  by  a  (^i^U-wull  i>r  noC 

Beaides  these,  iu  suppoeed  direct  officee,  tho  splosD  a 
beliered  to  flilBl  eoma  porpase  in  tegsid  to  the  poital 
dmullktion,  with  whidi  it  in  in  clon  coiuwction.  Frotn  tlia 
readEness  wilb  which  it  admits  of  being  distended,  and 
from  the  IWd  thitt  it  [a  generally  small  while  gastria 
digestion  is  going  on,  and  enlarges  when  that  sot  is  con- 
cluded, it  is  supposed  to  act  as  a  load  of  vascular  reeerrali', 
or  divttrliciiluni  to  the  portal  System,  or  more  particalarly 
to  (he  Toasele  of  tJia  utomiu^h.  That  it  may  »nrv«  such  a 
purpose  is  also  mtde  probable  by  the  enlargement  whick 
it  iiniiiTTgocti  in  certain  oiTiK'tionH  of  Uio  heart  nnd  lira, 
attended  vith  obetruction  to  the  passage  of  blood  thion^ 
the  latter  oogon,  luul  by  its  diiuinuliou  wIutd  Uw  iwagestun 
of  the  portal  systom  is  i^lloved  bydiscboi^es  from  the 
bowels,  or  by  the  eflbsion  of  blood  into  (he  stomodi. 
This  mvdiunicul  iufludnco  ou  tlio  (-irculntion,  however, 
can  hardly  be  supposed  to  be  more  than  a  vety  subordinalo 
port  of  the  offvue  of  an  organ  of  so  great  oompluxify  as  tho 
SplooD,  and  contnining  so  many  oQier  etruotures  besides 
blood-vessels.  The  same  may  also  be  siud  with  regard  to 
the  opinion  that  tlit!  thyroid  gland  is  important  as  a 
diverticulum  for  the  cerebral  circulation,  or  the  thymns 
for  tlio  fiulmonary  !n  olulJhood.  These,  Uko  the  splean, 
must  havo  peculiar  and  liiglier,  though  as  y«t  iU-undei> 
stood,  ofhoee. 
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CHAPTER  XIV. 

TItl   IXTH    iSV    m   SKCmKTIOX. 

To  oomplelfr  t!ie  oonsideration  of  the  {noceasos  of  orgmdr. 
U&,  ftnd  cttpocinllj'  of  tlioso  which,  hy  soparntin^  materioU 
from  the  blood,  maintAin  it  in  tho  stato  necessaiy  for  the 
nutritioD  of  tho  t>od}-,  tlie  structure  nod  fliDctiooa  of  the 
aldn  must  be  now  coosidored:  for  beeides  the  iturpuHeH 
which  it  sorvwt— (l),  os  an  cxtfimikl  inti^gumait  for  thu 
protudiou  of  titc  dui>])i!T  tiHiiitiM,  eud  [3},  as  a  aensitivo 
organ  in  the  exerciM  of  touch,  it  is  also  (3),  on  important 
omr«tory,  and  {4)  an  absorbing  organ ;  vhilo  it  plays  a 
moat  important  port  in  (5)  1I16  regululioii  of  tlio  leinjitn^ 
tun  of  the  body. 


I 


Strwlare  if  tht  &7c»n. 

The  akin  consists,  principallj,  of  a  lujer  of  vum-ulnr 
tissue,  named  tho  eorium,  derma,  or  cutis  ma,  and  an 
'  flstemal  oorering  of  epithelium  term(<d  the  culicU  or 
lyubrmu.  Witliin  and  heiiMitli  the  (?orium  uro  im>H'ddcd 
aamral  organs  irith  special  Ainctions,  namcl;  tudorijiaiout 
glands,  nclmrtota  glands,  and  kairJolUdes:  and  on  iU  .fur- 
bee  sro  sensitive  papiUa.  Tliu  wi-callud  appcDdngt'S  of 
(ho  >ldn — tlie  Itair  and  naiit — are  modiOcatioos  of  tho 
epidonnis. 

Ejnd«rmit. — ^Tho  fptdrnni*  is  compoKod  of  sovoral  layers 
of  opith(>liiil  tcUa  of  the  s<iuamou3  kind  (p.  30),  tho  doepw 
cells,  however,  boing  rmindod  or  clonf^ated.  and  in  the 
latter  inntoQCC  having  their  long  axis  orrnngcd  vertically 
00  regards  tho  guncrnl  surface  of  tlie  skin,  while  the  moro 
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atipexficial  (i«Us  too  Q&tUaii>i  nnd  scaly  (6g,    I09V     1W 

doopi^  part  of  the  «pldav 
'if-  "•9-'  mis,  Thicb  is  BoRer  kdS 

moTA  o|iaqtio  tlinii  tli«  n- 
p^rlicial,  is  call^  di^  Mr 
intuvAiuin.  Miuiy  of  tin 
cpidormal  cells  contain 
pi|^K-iit,  nnil  tli«  voiytog 
■[iiitntity  of  tbu  is  th» 
fiouroe  of  the  dtffiennt 
isliiiidM  of  tJDt  in  tli«  ikin, 
lioth  of  indi\'iduals  and 
racoc.  The  colouring  mat- 
ter ia  containod  chiefly  in 
the  deeper  cells  oorapoalitg 
tii«  rtU  miuottim,  nnil  W 
_  comes  lees  evident  in  then 
tu  they  itru  gradually 
pushed  up  liy  those  under  thom,  nnd  W<Tnie,  like  their 
predeceesora,  flattened  and  svale-IIke  (fig.  l09^  It  b  hy 
this  proii'M  of  production  ii'om  biMiuulh,  to  mako  up  for 
the  wnsto  nt  the  surface,  that  the  growth  of  the  cuticle  is 
effected. 

Tho  tlticlcTtMS  of  the  epidermis  on  diffnrcnt  portions  of 
the  akin  ia  directly  pro)>orlioned  to  the  ftiotioD,  i««B9uifi, 
And  othnr  nniiTici^x  of  injury  to  which  it  ia  exposed ;  and  the 
more  it  is  eubjeftod  to  such  injury,  within  certain  limits, 
the  more  does  it  grow,  nnd  the  llnclser  and  moro  Loroy 
does  it  bt'come ;  for  it  serves  as  well  to  protect  the  aen- 
utive  and  vascular  cutia  &om  injury  from  without,  as  to 
limit  the  evuporntion  of  fluid  &om  the  hlood-vessela.     Tba 


*  Fig.  109.  Skin  of  tUa  ucf^,  in  a  vcctioil  aeclJon,  modified  sjo 
^iamctcni.  a,  a,  riil;ineoi\>i  ]>!tiLil]iiT ;  A,  xmdttaumt  and  iluk  colonrvd 
'nyci'af  iiMong  rcillcil  I'liitlfrmi^-calb ;  c,  mnMUaor  UftliiighlMilayfr; 

rf,  batuj  kjcr  (fcuia  Sliarpu)-). 
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adaptation  of  the  epitlormU  to  Uio  latter  purpoims  may  ^6 
mil  diown  hy  cxporiog  to  th«  air  two  dead  haodn  or  ftct, 
of  wbidi  OQo  has  its  ^idermis  perfect,  an<l  tlid  ot>i«r  is 
depriTed  of  it ;  in  a  day,  the  sIuq  of  lh«  latter  wtU  becoma 
brown,  dry,  and  hom-liki',  whilo  that  of  the  former  will 
ttInio:it  nuio  ila  natural  mouture. 

Cutis  tera. — ^Tbe  cariun  or  cutis,  vltluli  reela  upon  a  layer 
cf  adij>o>o  and  cellular  tiKiiio  of  rnrying  IhU'lciitMs,  is  a 
dmso  and  toagb,  but  yioldiDg  and  Lighly  eln^tlc  structure, 
oompoeed  of  tktdculi  of  fibro-cellular  tissue,  inlertroven 
in  all  directions,  aad  forming,  by  thvir  iot«r)icrmont«, 
Dutnerous  spacea  or  areola).  These  &reoI»  are  larg«  ia 
tka  dL'i'pra*  laym  of  tho  cutis,  and  arc  theru  usually  filled 
with  litllo  masseB  of  (at  (fig.  1 1 2) :  but,  ia  the  more  super- 
ficial ptirtn,  tliey  ant  uxccinliugly  »mall  or  vutiivly  oblito- 
nitod. 

By  means  of  its  toughness,  lleubttity,  and  elasticity,  tbe 
ckin  is  timinently  (lunlifiod  to  sorvo  as  tho  general  integu- 
DMOt  of  the  body,  for  defendiug  the  Internal  parts  from 
external  violence,  and  r^tiulily  yielding  and  adapting  itself 
to  their  Tarious  movements  and  changes  of  position.  But, 
irom  the  ahuntlaiit  xupply  of  nciinitire  Derve-fihovs  which 
it  receives,  it  is  enabled  to  fuUil  a  not  1ms  important  puT> 
po«a  in  serving  as  tlie  principal  organ  of  the  sense  of 
touch.  The  |entiro  surfaco  of  tho  "kin  is  c^tlrcmely  sen- 
sitire,  1>ut  ita  latlilo  properties  are  due  chiefly  to  the 
abundant  papillm  with  which  it  is  studded.  These  papilUe 
are  couical  elevations  of  the  corium,  with  n  siiighi  or 
diridod  Iree  oiitrcmily,  more  proiniuent  and  more  densely 
set  at  some  parts  than  at  others  (figs,  llOaocI  III).  The 
parts  on  which  tliey  are  most  ubundaDt  and  most  prominent 
are  the  palmar  surface  of  thn  hmtils  and  fingers,  and  tbo 
soles  of  tho  feet — parte,  therefore,  ia  which  the  sense  of 
touch  is  most  acute.  On  these  parts  they  are  disposed 
in  donUo  tows,  tn  parallel  curved  lines,  separated  from 
each  other  by  depressions  (fig.   112].     Thus  th<7  may 
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bcr  noon  eautij  on  the  palm,  wliereoD  each  roUod  line 
oompoeed  of  «  double  row  of  pspillm,  and  ia  tit(«r6««t«>d  trr 
short  tranBTereo  Unea  or  flurows  correspoDtlin);  with  dut 
iatenpaoos  botweon  tho  miiicc-MirA  puira  of  {lapiUse.  Onr 
other  parts  of  th<-  ekiQ  they  are  more  or  lew  ihin^ 
«oktt«r)Kl,  Aiul  uio   Miorcolj  clwated  aboTfl    the  mrian 


/Tr-  •"■+ 


Their  avernge  length  la  about  f^th  of  on  inch,  and  at 
their  base  they  measure  about  -(4-^lh  of  an  iuch  in  diain«tv, 
Each  papilla  t*  nbiindantlj  supplied  with  blood,  rec«iriB); 
from  tho  TniMnilar  plejtus  in  the  cutis  odo  or  more  mimtto 
srterial  twigs,  which  diride  into  capillary  loops  in  ita 
aubntanre,  niid  thm  rt^nttn  into  n  luinuto  vein,  which 
paKoi's  out  at  ita  bnso.  The  abundant  supply  of  btood 
which  tlie  papilla)  thus  receive  explaiii!i  tim  turgeaccnoe  or 
hind  of  erection  which  they  undergo  when  tho  cinialation 
through  the  akin  is  active.  Tlie  majority,  but  not  all,  of 
tlio  papillu'  contain  nlso  one  or  nxort:  tcrmiiuil  nnrvo-filirea, 
from  the  tdtimate  ramifications  of  the  cutaneooa  plezoft 
on  which  their  es<iui»iti»  aeiisibility  dt-pends.  The  nssct 
oiodo  in  which  tJtcso  nerve-fibres  terminate   is  not  yet 


*  Tig.  ItOL  I'ajiiUir,  ataMH  wltli  a  inicrMiyiixi,  (la  n  ptTtinncf  flu 
truo  akin,  from  wlikh  Ilii>  cuttric  hai  licon  removed  lafUr  ItrmdiBt.) 

t  FlK.  III.  C'cimpoundfapi1liDfi'Dlnthnpa]ini)riliol)an<l,nui)(ntll«d 
60  diauieten ;  a.  liosiH  of  ■  jiKpiUa :  A,  ft,  ilivisioiu  or  btnnclici  <it  the 
*DIDe;  r,  t,  Imncbci  belonging  to  papiUv,  of  whidith«lMwii  arc  hidden 
iron  view  [nftit  Kdllikor). 
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satiafActorilf  dfrtermined.  In  somo  l>art>.  opoctaUy  Uioae 
ia  vliicb  tlio  •enM  of  touch  is  Kigtily  dorelopsd,  M  for 
eosmple,  tbo  palm  of  Ura  baud  and  the  lips,  the  fibns 

Pi^.  112.* 


fefVN^/^^N^yftNfc 
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I  to  termmnle,  in  niiiiiv  of  tho  papillip,  Ttj-  nno  or 
H!  oiids  in  the  Bubstimce  of  a  dilated  oval-Bhaped 
\xt&y,  not  unliko  n  Paciaian  corpumli:  (figs.  136,  1 37). 
oucupfin^  tlie  principal  part  of  Uic  interior  of  tho  papillfp, 
nnd  tcnacd A  loucA-enrT-ujcfi' (%.  tij).  The  nature  of  llua 
bod;  is  obsctm.   Kollikcr,  iluxliy,  and  others,  rvgard  it  a» 


*  FIjt-  til.  Totticalii«ctia)ioritici]ciiiaiidauliciiUnEi>iiiticni«,ft«m 
cnilHftltr  thiiirih.vcrontlioriitRi'^  unJ  (uirowi,  inajjiiin«il  2odIUD*l«n 
([ran  KcJUkft) :  ci,  horny,  anil  b,  innewu  layer  of  tlio  cpidennii; 
e,  mrinm;  d,  pannicu/iu  adipesut ;  t,  papUIn  on  Uio  rUgui/,  bt 
etanttr* ;   p,  tncat-gUnJi ;  k,  ivcat-dnnta  ;  f,  tlteir  opcniiiei  on  tho 
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Uttlo  eke  than  a  buibb  of  fibrous  or  conncctiTe  tlfistw, 
surrounded  b}-  «UiKt!c  fil>rci>,  and  fonaed,  according  to 
Hiudvy,  bj  ui  iacreasod  dorclopmoDt  of  tlui  uourilomtnA 
of  the  ncrre-fibiM  entering:  th^  iMpiUto.     Wngncr,  hoK- 

Fi9.  lij.' 
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erer,  to  whom  seems  to  btJong  the  merit  of  first  fdlljr 
dfiw-rilitDg  tli«M  hodi«),  belioms  that,  imt«sd  of  thus 
consieting  of  a  homogeneoua  taass  of  cotitiective  tlasue, 
tliej-  aru  epeciul  aud  peculiar  bodies  of  laminated  aU-ucturc, 
directly  cooceniod  in  the  eence  of  touch.  They  do  not 
occur  in  oil  the  pajiiUiv  of  the  parts  vbere  they  ana  found, 
and,  OS  ii  nilo,  in  iLo  papiUai  in  whidi  thoj  ore  praant 
there  are  do  blood- vesaela.  Siuue  these  peculiar  bodies  in 
ti'hicli  tli<!  iicTTti-filirM  ffod  nro  only  met  with  iu  tlio  papilbo 
of  liighly  seusitive  parl£,  it  may  be  inferred  that  tbay  u* 

*  Fi&  113.  FiipnLL-lh)inthoBl:in-ofth«huid|fiDedlkanil 
»nd  cihibiling  tliD  uvtllo  coqiiuclri.  MagnUad  ijft  < 
A.  Simplapfljiilliinith  fuiir  ii«nc-fllirei :  ii,UcliI«oerpu>c1a  ;i,  mma.' 
R.  PiiiiilU  tn'alcil  H  Itli  jcrlii-  add  r  a,  cortlivl  In;;**  with  ntLi  and  fens 
clunlic  fiUiiiniiU  1  fi,  lictll*  Eoqiuiiclo  willi  trsuivrTv  nuclei :  t^mOrias 
iLcrvu  wiLL  Dcurilcmnia  or  pcrumirium  ;  d,  ncrvD-Gbro  vindiiig  roand 
thn  corpuKlo.  c.  PapilU  vtcircd  frnni  above  m>  u  la  a)<pciir  an  a  crott 
■nctjon  :  a,  cortical  layer  i  1^  ncrvo-Rbn  ;  <,  aboUli  of  llio  tactile  CW- 
putclo  cantainljij;  nnclvt ;  d,  coiw  (uflcr  Ki)II[ksr). 
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BpecioUy  concerned  In  the  sense  of  (ouch,  y«t  tbeir  abeenm 
from  Uio  ]iMpiUw>  of  oilier  luciilo  jurtn  tiiovm  that  tliOf  an 
not  essentiftl  to  Hum  aenm. 

Ooaelj'  allied  in  etructure  to  the  Padnian  coipuBd«» 
and  toucJi-corpuMilcit  tax>  noinn  littlo  bodiM  about  ^-^  ot 
■D  inch  in  diamoter,  first  particulurljr  described  by  K»nw, 
and  named  by  him  "  end-bulbs."  Tboy  ara  g:eiiera]l}'  oral 
or  Kphoroidol,  and  comiiosed  externally  of  a  coat  of  con- 
nectire  tissue  endoung  a  soflor  mattn',  in  which  the  ex- 
tremity of  a  nerro  Inrmiiiuti-ii.  Thew  bodtw  bare  been 
found  chiefly  in  the  lips,  tongue,  palate,  and  the  skis  of  the 
glana  pcn!»  (fig.  1 1 4). 

Although  destined  especially  for  the  seiife  of  touch,  tho 
papillu!  are  not  »o  placed  as  to  come  into  direct  contact 
with  extvroal  objecta;  but,  like  tlie  reel  of  the  aurfui-e  of 
the  akin,  are  covered  by  one  or  cioro  layers  of  epilhclium, 
finmtng  Uw  cuticlo  or  epidermis.      The  papilhe  adherd 

Fif.  in.' 


*  Fig.  114.  Eii<l.linlb*iuiM^I«(m«;(nifitd)lri«t«>lwitl)«eoticMld. 
A,  (niTiiIli«ll]i»  ;  thu  while  loops  iiianporthfaiancapillu-ie^  a,  trtm 
tin  tuu^ui*.  'I' wo  cutl-bulln  iKiBii  iu  the  laiibt  of  tli«  Bunple  (lapillM: 
«,  «,  nerrw  tlrom  Kollikcr). 
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rcjy  indmatelr  to  tli«  cutide,  wbi<iti  is  thickiMt 
spacos  between  tliom,  but  lol(;ral>ly  level  ou  its 
surface:  bonce,  wiien  stripped  off  from  the  cutis,  u 
moocrutuMi,  ltd  tnt^msl  nirf^oa  pm^enls  a  seriea  of  pit 
nod  eleratiDiM  correcpoDding  to  tlm  pspillii!  lutd  thai 
intawpaces,  of  wfaiob  it  thus  fora»  a.  kind  of  umM. 
BotiidoH  BfTiirdiiig  by  its  irajwrmeability  a  check  to  undil^ 
omporntion  from  tbe  skin,  nnd  proTidtag  tbo  wiiuutin 
cutis  villi  a  prMMting  inT«cii[a«Dt,  tiie  cuticle  is  of  eerrice 
in  nJntion  to  tlio  MOM  of  touch.  For,  by  boing  tbictaH' 
in  the  spnc«s  between  the  papilla^  and  only  thinly  sprtai 
ovL-r  tho  jmmiRtt*  of  theso  {ooceeMS,  it  iniiy  mm-t«  to  nb- 
divide  the  sentient  surface  of  the  skin  into  a  number  flC 
isolated  pointa,  cncli  of  which  i>  c-apahlu  of  mcoiTinif  a 
distinct  impteesiOTi  from  an  oxtpmiil  body.  By  coTeriag 
the  papiUiu  it  renders  the  sensation  produced  by  lattcnul 
bodir-s  moro  ohlum.  »tid  in  thi.i  taouiier  «l«o  is  eubservicfnt 
lo  touch  ;  fur  unless  the  v«y  Eeositive  |>apilhb  weru  thiu 
dofendod,  the  contact  of  eahaUnoSB  would  givv  rise  to 
paiu,  iiLitciul  of  tho  ordinary  imprawioDs  of  touch.  TJiis 
is  shown  in  die  «xtmme  sonsitiveness  and  loas  of  tactile 
power  in  a  putt  of  tlie  iikin  \rhcn  deprived  of  its  cpidermig. 
If  the  cuticlir  is  Tcry  (hick,  however,  as  on  the  hod,  touch 
becomes  impt'ifoot,  or  is  lost,  through  the  inability  of  the 
tot-tile  pupillir  to  receivn  iniprc«»)i>ns  througji  tlia  di^l 
and  homy  l.ij  or  covering  them.  ^1 

Sudoriparotu  Qlandt. — In  the  middle  of  oach  of  llw 
trODSVcrso  furrows  between  tho  papi]ln>,  and  irrejjulnrly 
sootterod  betwxen  the  bases  of  tlie  pftpillio  iu  tlio«o  pailL 
of  the  siirfdce  of  the  body  in  whith  there  nro  no  fiin^| 
between  them,  are  the  orifices  of  dud*  of  the  sttdoriperons 
or  sweat  glands,  by  which  it  is  probable  that  n  liirge  ]>orliun 
of  the  aqueous  and  gaseous  materials  excreted  by  tlie  skin 
nrs  separated.  Each  of  those  glands  const-itu  of  a  small 
lobular  niiiss,  whioh  appears  formed  of  u  coil  of  tubular 
gland-duct,  surrounded  by  blood- vesnels  and  embedded  in 
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tlup  midoilAitcotu  sdipose  Useuo  (&g,  tl2).  I'mm  Ihin 
mass,  th«  duct  a«;cDds,  for  a  tikort  tlutau«e,  iu  a  spiral 
RUuinor  through  tha  docper  i>urt  of  Uio  <ni^»,  then  pnnxing: 
fltnJght,  and  thm  aomotimM  ag&ia  btioomiiig  spiral,  it 
paaae*  U»oug;h  tlio  mlii-Io  and  opc^na  hy  an  obliquu  talve- 
like  BpertiiTO.  In  tho  parte  vlicn  the  vpiderniis  i«  thin, 
th«  dui-ta  tbmijtelviM  oro  tiunner  aod  iiM>t«  nearlj- 
|4(night  in  th«ir  courM  (fig.  1 1 5).  Tb«  iluL-t,  vhtch 
vulnfadiis  tivarly  tlie  Game  dtaRi<>t«r  tliroui^hout,  U  lined 
"with  n  lAjr«r  of  epithelium  oontiuuous  witli  Iho  epidermia; 
vhile  the  part  whieb  passes  tlirouf^h  tho  ejn<Ii?rmiB  is  com- 
piled of  the  latter  structure  only  ;  the  leUs  which  iiniue- 
diatKlr  form  tho  bounilnrjr  of  tiio  cnnnl  ld  thin  part  being 
nomnwluit  diiFercntly  turanged  from  those  of  the  adjacent 
cuticle. 

Tho  au'loriparouii  glands  urn  ahuniUntly  dislribufcd 
OTW  the  whole  swrfaco  of  tho  body ;  but  ore  e«peciaUy 
oumeran^  cm  w«U  us  very  large,  in  tho  Hkiii  of  the  p«]m 
<tf  the  hand,  n-here,  according  to  Krause,  the^-  amount  to 
2736  in  ench  auporficial  aquare  inch,  and  aeoordinp  to 
^[r.  RrunniiM  \VilBOii,  to  as  mimj  an  352S.  Tlic}'  axo 
almost  equally  abundant  and  large  in  the  skin  of  the  sole. 
The  glands  by  which  tltu  peculiar  odorous  matti-r  of  the 
axilhf  ia  sccroltjd  form  a  nearly  complMo  layer  under  th« 
cutis,  and  ore  like  tho  ordinaiy  audonparous  glands,  esoept 
in  bctni;  larger  and  hariug  very  short  diictn.  In  the  neck 
and  back,  whoro  they  are  least  numrron^,  tlie  glands 
nmoiint  to  417  on  the  square  inch  (Krause]i.  Their  total 
number  Krauao  oKlimal4!ii  nt  2,381,248;  and,  suppoaing 
the  orifice  of  eacli  gland  to  present  a  eurfoco  of  y'^th  of  a 
line  in  diaiDCler  (and  r«!gnrdiiig  a  line  us  cquid  to  -r^lh  of 
an  ini^h),  he  reckons  that  tho  vholo  of  tho  glands  would 
pceeent  an  eraporating  aurface  of  about  «ight  square 
ticlie*.* 

•  Tlie  pcnJIarTiittrr  yi-llow  hiIbhuiw  »c«*l«l  bj- liip  iikiii  of  tli* 
«ilcntiilaTitlil(ny]iji*iHxi'  i»  i:aiiicil  certmn,  and  thi^  gland*  tbvniM'lTea 
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SAtK«otu  Olanjt. — Besidea  tha  ptonpitatioa,  tlic  dan 
seototM  a  poculiar  fatty  niaUer,  md 
for  this  porpoae  is  provided  wilk 
(uiolh«r  m(  of  Rpociut  organs.  Umaed 
ttbacMM  j^taiuU  (fi^.  1 1 5),  nhicJt. 
Uw  rodoriporoua  gluu<U,  an  ab 
dantly  distrilmted  over  most  part*  of 
tho  bod]'.  They  aro  rao«t  uum«coa> 
in  |iartH  laigeljr  supplied  with  htir, 
as  the  scalp  and  fnoo,  and  aro  Ihkddj 
distributed  about  tho  entrances  of  Hia 
various  pa»BgM  into  tiw  IkhIj,  as  the 
auuti,  nose,  lips,  and  «xt«nial  car. 
I'hojr  nT«  flotirely  absent  ftom  the 
paliuat  eurfsoe  of  tho  hands  ond  tha 
I>l.iiit»r  iiurfttoea  of  tho  Ceet.  Tbvf 
are  miDUtcl;  loVuIntod  glands,  com- 
]Hi!u-d  iif  an  afcgr^f^te  of  small  T«ai- 
d«s  or  encruli  fliied  with  opaque 
vhito  subalancos,  liko  soft  ointment.  Minut«  oapiOnrr 
TSSsols  ovorspread  them ;  nud  thoJr  ducts,  vhich  have  a 
boarded  apjieuranoo,  os  if  formed  of  rows  of  shells,  open 
cithi>r  Mil  the  surface  of  tho  sltiu,  cIohu  to  a  hair,  or,  which 
is  more  usual,  directly  into  tho  follicle  of  tho  hair,  la 
the  latlAT  (?asc,  there  am  gODCrallj^  tiro  gilands  to  each  hur 
(fig-  IIS). 


Structure  of  Hair  and  ynili. 
Hair. — A  bair  is  produced  b^  a  peculiar  giowtL 


oerumitt/iiit  glMidn ;  lint  tluy  do  not  inucli  ditTvr  In  BtrooCttM  [ron  tW 
onlinKiy  t\uioiipaian%  glanib. 

*  Fig.  115.  SdiacRnim  ftnil  nuJoriiinrons  gluid*  of  thn  xkln  (dUr 
Onrltl  :— I,  din  thin  rulirlo;  a,  tliocutU  ;  3,  lulipoM  luwuir ;  4.kIiiDT, 
in  ito  follido  (5* ;  6,  tf«hactwis  glnnil,  upcuiug  iulo  the  foUiclt  of  tb» 
liairtifiin  elTereiilduct;  7,  tlio  iiuluriparoiu  gloniL 
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modification  of  tlio  trjiidennitt.  Ext«rnall}-  it  is  covered  bjr 
a  layor  of  fine  ficnies  c-IomI;  imbricalGul,  or  orerUppin^ 
like  the  tilea  of  a  house,  but  with  tbe  &ci>  edges  lurried 
upwards  {fig.  1 16,  a)-  It  in  enlW  Uic  ejitide  of  tbo  hnir. 
Beoeatli  tliia  is  a  much  thicker  layer  of  elongated  horny 
colls,  cIoM'ly  pitcki.<d  tngothiT  (to  us  to  resemlde  a  fibrous 
etructure.  lliift,  very  comrnonly,  in  tho  human  subject, 
occupios  tho  wholfi  of  tha  luside  of  the  hair ;  but  in  somo 

Fig,  n& 


I 


cases  thm  is  li^  a  small  central  8pac«  filled  by  a  sub- 
stance called  the  mfditlUi  or  pith,  composed  of  small  coUec- 
tions  of  irr«gularly  shaped  culls,  coiitaiiiing  fiit-  and  pig- 
ment granules. 

The  follicle,  in  which  the  root  of  each  hair  is  contained, 
^fig.  117}  foraiH  a  tubular  depression  from  the  surface  of  tlio 
akin, — descending;  into  the  subcutaneous  fat,  generally  to 
A  greater  depth  than  the  sudoriparous  gUads,  and  at 
its  doopost  port  oidorging  in  a  bulbous  form,  uud  ofMn 
curving  from  its  previous  rectilinear  course.  It  is  lined 
throughout  by  cells  of  epithelium,  continuous  with  those 
of  the  epidermis,  and  its  walls  are  formed  of  pellucid 
membrane,  which  commonly,  in  tho  follicles  of  the  largest 
hain,  has  tho  Btnicture  of  vascular  fibro-celluhir  tissue. 
At  tlie  bottom  of  tho  follicle  is  a  siiiall  papilla,  or  projoc- 
tion  of  true  skin,  and  it  is  by  the  production  and  out- 

*  ng.  liC.  A,  eurfaee«fs  wIilU  hair,  tnatrniniHl  160  illjraictoni.  Tbe 
waT«  linoi  mark  ttic  upper  or  Tres  edgu  of  l!i«  corlki]  stoics.  B, 
jwiisrated  tcilu,  nugnified  350  dismeton  [in«r  UOUilccr). 
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jpnirtli  of  eptdormal  eelU  &cKa  the  8urfac«  of  tliis  , 
thAt  Um)  hntr  is  fonnad.     The  inoor  itnXl  of  tho  follicle  u 


eiy.  117.' 


/^.  n8.f 


*  Rg.  117.  UeJInm-iindluuruiitsrallldc,  iiMgiiiried5oil[uDcte* 
(front  KuIIikoT).  a,  (Um  ont  ■hort ;  E,  root  ;<,  knob ;  rf,  b«lreM(ilt; 
(,  iiitiiriinl,  and  /,  cxtcmd  root-oheith ;  g,  A.'icnaie  Mat  of  fonUUj 
1',  pipilln  ;  Jt,  it,  iliintMof  iDhareoiu^Uida ;  /,  Mriuin ;  m,  muoonihjvr 
of  nj>id«rmia ;  0,  iiiiper  limit  of  iutonutl  root-tlicntli  ifiom  Kbtlikct). 

t  Fig.  I  iS.  £l!iKiii6(<J  view  of  the  TOOt  of  a  liair  (after  KoklnoidiL 
a,  ttem  or  iHuttt  of  hair  cut  ocrou  ;  b,  inucr,  >n4  c,  oater  Uyor  at  tlx 
•pliliiraiRlllninit  of  tliohiir-folUcIo,  called  >l«oth«tnntt«iKl  uaterroot- 
diMtli :  if,  ti«niisl  ur  citeni*]  oa«t  of  th*  hftit^fvllicle,  *haim  in  |iu1. 
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I 
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lined  bj  epidcnual  oeUa  Mmtiiiuous  wilh  UK«e  covering  tlio 
geonvl  surlkco  of  tli'?  sicin  ;  lu  if  inil^CHl  ibu  foUido  lind 
been  formed  hf  a  simplo  thnuting  in  of  tlio  sTirfk«  of  the 
uit«gumcDt  (%H.  117,  1)8).  Tbta  epiderma]  lining  of  tbo 
luur<fbUiolo,  or  roat-ditath  of  tlio  hair,  in  (rompoMd  of  tiro 
Ujreis,  the  iDn«r  one  of  which  is  eo  moulded  on  tbo 
iinbricat«l  utaly  cuticlo  of  the  hair,  that  ita  inner  saifoco 
bocx>mos  imbricated  also,  but  of  ooum  in  tlio  oppoaita 
dii«ct)OQ.  When  a  hair  is  pulled  ont,  the  inner  Uj-cr  of 
tho  root  ihrath  and  port  of  the  out«r  layer  oltto  am  com- 
mool}'  pulled  out  iritfa  it. 

yaili. —  A  nail,  like  a  hair,  is  a  peculiar  airangomRnt 
of  epidermal  cells,  tho  iindennost  of  whidi,  lilco  those  of 
general  curfaoe  of  the  integument,  are  rounded  or 
while  the  •upoo&aal  are  flattened,  and  of  mora 
eonaistencei    That  specially  mo(lilio<l  portion  of  the 
oorium,  or  true  «kiii,  by  which  the  nail  is  secreted,  is  called 
the  Matrix. 

The  bock  edge  of  the  noil,  or  the  root  aa  it  is  termed,  is 
reoeirod  into  a  sliallow  crcsountio  groove  in  the  matrir, 
while  the  ftont  part  is  iVee,  and  projocta  beyond  tho  ex- 
tremis of  tbo  digit.  The  intermediate  portion  of  tbo  nail 
rests  by  its  brood  under  surfuco  on  tlw  frant  port  of  tho 
mutrix,  which  la  here  called  the  btd  of  tho  nnil.  This  port 
of  ihe  matrix  is  not  uniformly  smooth  on  the  suifaoe,  but 
is  raised  in  the  form  of  longitudinal  and  ootuly  pnrallol 
ridges  or  laminn>,  on  whidi  are  moulded  the  epidermal 
cells  of  which  tlie  nail  is  made  up  (Bg.  1 19]. 

The  growth  of  the  natl,  like  that  of  a  h&ir.  or  of  the 
epidermis  generally,  is  cfTcctod  by  a  constant  production  of 
cells  from  beneath  and  behiod,  to  take  tho  place  of  thow 
which  are  worn  or  cut  away.     liiuHmuch,  bow«mr,  as  Ihe 


«,  imbrlMled  acaUi  almul  to  Torm  n  coTtlcil  hfor  oo  the  aiiTrH*  ot  Ihs 
]wir.  The  ftttjapcntcuticio  of  lliuroat^hoath  is  oul  n|>raMate(l,  sDil  tlis 
papilla  ii  hlddMi  in  tho  laita  pari  of  tho  knob  n-hnc  thftt  i*  TtpraMoted 
lighter. 
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pootorior  vige  of  the  tutil,  from  iu  boiog  lodged  in  a  groon 
Fiy.  iiy*  of  the  sldn,  canaol 

groir  ha<^kvaHi, 
oa  additioBS  b*- 
lag  made  to  i^ 
so  easily  &a  it 
can  pM8  ID  tiu 
vppouUi  d!no> 
tion,  any  growth 
at  tta  hinder 
part  pujtltcM  ihe 
whole  forwaidft. 
At  tbe  same  tiais 
fmh  cuIU  sn 
added  to  its  un- 
der audiuie,  and 
thus  ea<Ji  portion 
of  tbe  nail  b^ 
-come*  gradually  thicker  as  it  mores  to  tbo  front,  nnti]. 
projectiDg  boj'imd  the  ntrfaee  of  the  matrix,  it  on 
reodiTe  no  irejili  addition  from  bcnoath,  and  is  riittjdj 
moved  forwards  by  the  growtli  at  il«  root,  to  be  at  last 
vera  awaj  or  cut  off. 

Kxeretion  hy  the  Skin. 

The  skin,  as  already  staled,  is  the  seat  of  a  two-fold 
oxcretiou ;  of  tliat  formed  by  the  aebft»aua  g^hmds  and  hair- 
foUides.  and  of  the  more  wfttory  fluid,  tin?  ta*at  or  ptn^a- 
tioii,  eliminated  by  the  sudoriparous  glands. 

The  secrutioTi  of  tlie  ttbaceaiu  glands  and  kairfoOittet 


*  Fig.  I  ig.  V«rt!nl  tnnwtrM  tectSmi  tlirongh  •  Knoll  portion  oTlbt 
nail  kiid  mntrix  largvly  magnified  (aftct  Kulliktr). 

A,  coriuin  of  the  nnil.b«<l,  miwd  intoridgm  erlamiiiiB  a,  Rttiiiitia 
Ixtwcrn  corTciiponding  laminic  h,  of  tlic  nail.  Jf,  JUlpinhJAii,  and 
C,  hum/  InyiT  nf  nail  :  d,  d*npc)t  and  vertical  calls ;  *,  ap]wr  flstttotil 
cclll  of  )la1]il^i!an  layer. 
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'  Ui«ir  prodiicta  cstmot  be  separated)  oooubU  oT  cast-off 
epithi-'Iiuin-oelU,  witli  aaeim  tani  graauloc,  togntlicr  with 
tin  oily  niAtler,  extractive  matter,  aod  stearin ;  in  certain 
parts,  alto,  it  b  mixed  irit!i  u  pocmliur  oduroua  principle, 
which  IN  Mwl  hy  Dr.  Fischer  to  contain  cnpruic,  hulyric, 
anil  rutio  adds.     It  is,  perhaps,  nearly  similar  in  compoel- 

Ition  (o  tha  tuicituoiu  cuutin^,  or  vetriix  caseoaa,  which  is 

'  formed  on  the  body  of  tho  fmtua  wliilo  in  th»  uEnnui,  and 
which  oontais*  largo  quasiittea  both  of  olein  and  iiiug«riii 

I  (J.  Davy).  Ita  puqiose  seems  to  be  that  of  keeping  the 
skin  mouft  and  mi|^Sk  and,  by  its  «ity  luiturv,  of  both 
hmdering  the  evaporatioD  from  the  Burfitcv,  and  guarding- 

I  the  skin  from  the  efTei-la  of  the  longiMatiiiiied  action  of 

lire.      Gut  yrhih  it  thus  servos  lociil  purposes,  its 

ral  from  Uie  body  entiUea  it  to  bo  reckoned  among 

I  excrelioiiii  of  tlio  skin  ;  though  the  sliore  it  has  m  the 

[  purifying  of  the  blood  cannot  be  ditcemod. 

The  fluid  secreted  by  thu  tiidoripanmi  (glands  ia  usually 
fbrmed  no  ifruduidly,  that  tlic  wutcry  portion  of  it  escapes 
by  evaporation  as  last  as  it  reaches  the  aoiboe.  But. 
during  Mroiig  exenise,  exposure  to  groat  extenial  watmlh, 
in  aome  diasosns,  and  when  crnporadon  ia  pruvvntMl  by  the 
applioatioa  of  oiled  silk  or  plaster,  the  secretion  becomes 
more  sensible  and  ooUccts  on  the  akin  in  the  form  of  drops 
of  fluid.  A  good  anopsia  of  the  secretion  of  these  glands, 
uniuixod  with  Other  Suids  secroted  &om  tlie  skiu,  con 
scarcely  he  made ;  for  tlie  <)uantity  that  can  bo  collected 
pure  is  Tfiry  miuill.  KrauMt  In  a  £»r  drops  from  the  palm 
of  tits  hand,  found  aa  acid  reaction,  oily  mnttvr,  and 
margarin,  with  water. 

The  penjiiratioa  of  the  akin.  OS  the  tiirni  is  sometimes 
eni|Joyed  in  physiology,  includes  all  ihnt  portion  of  the 
aecrt-tiuus  and  vsodatiuDS  ikim  the  akin  which  pasaoeoff  by 
tnrapontioD;  thoiiiviit  indiidrs  that  wliidi  may  ho  collected 
only  in  dKtps  of  fluid  en  the  surface  of  the  akin.  The  two 
icnus  are,  howvrer,   most  ofluu  used  syuunyuiouHly ;    and 
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for  distitiFtion,  ih»  fonnvr  ts  cnlloi]  inMtui&b  pet^Mntion  I 
tiio  Utt«r,  *en$ibU  ]t«npirati<Ml.     The  fiiiids  oro  tlm  i 
except  tlint  tlio  rswcnt  iit  cammnuly  mingled  with 
BtibftUDtes  IviDg  CD  the  eurface  of  tbe  vJcin.     Tho  i 
of  the  siroat  »rd.  In  part,  malten  capable  of  wmming  tlw 
form  of  Tngiour,  mch  uh  (urlKinic  oi-iil  nnd  water,  aad  ia 
part,  other  ninttrra  wliich  are  (l«po«itinl  on   tliu  skin,  and  | 
mixed  with  the  eebaoeous  secretioti.     Thenard  collected  tW  I 
jinr*ii!riitinn  in  a  lliinn(4  Mrt  whioli  luul  htwu  washed  ial 
dietillixl  vnter,  and  found  in  it  dilorido  of  nodiutn,  amtic  I 
ai-'id,  some  pho«pat«  of  sods,  tnices  of  phosphate  of  livaf>,  mi  I 
oxide  of  iron,  together  with  an  animal  Kiilitrtjuu^.     In  itwaH  | 
wliti^h  had  run  from  the  forehead  in  drojM,  Borzeliiu  bvndJ 
Inclic!  acrid,  i-lilaridn  of  aoditiin,  luid  chloridn  of  lunn 
Aneclmino  placed  his  arm  in  &  gloss  c>'liDd«ir,  and 
tlie  <^)eQin^  arotmd  it  with  oiled  silk,  taking  caio  that  th* 
arm  tuucliMl  tlio  glutei  at  no  point.     Ths  cutAneoua  exbals- 
tion  colloclod  on  the  interior  of  the  glass,  and  ran  down  a^ 
a  lluid  :     on  aiiitlysing  this,  be  found  water,   aeetale  of  | 
aeamoiiiA,  nnd  ciirhonic  ac'ul ;  and  in  the  n-iho*  of  tlin  dried  | 
residue  of  sweat  be  found  carbonate,  sulphate,  and  pbos- , 
pbate  of  soda,  and  some  potash,  with  cfaloridu  of  aadium, ' 
phospliate  and  carlmnato  of  limir.  and  trnctta  of  oxide  of  iiun. 
Unta  haa  also  been'  shown  to  1k>  nn  ordiniiiy  constitiiMi^^ 
the  tluid  of  perspiration. 

Tho  ordinary  coimtitiutnts  of  perspiration,  ma>%  ( 
according  to  Gornp-ltc-tnnoi!,  he  tliux  Guuirai^  np  : 
fat,  acetic,  butyric  and  formic  acid,  urea,  and  salts, 
principal  suits  arc  the  cldorldea  of  sodium  and 
tngothffr  with,  In  small  quantity,  alkaline,  and  earthy  { 
pliales  and  eulpliatea;  and,  lastly,  some  oxido  of  iron.    Ofl 
Hiorui  rtrvi>ml  Mibstonces,   nnno,  however,  need  particular 
conBidt'ration,  exeept  the  carbonio  acid  and  water. 

The  (juiintity  of  icalery  vapoHT  rxiTelnl  (rom  the  stdB.] 
wns  estimated  Terr  carefully  by  Lavoisier  and  Sequin.  ] 
The  latter  chemist  L*ncluiK.'d  hia  body  in  un  air-tight  bag^J 
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a  mouth-pim».  Tlui  htg  bniDg  doMxl  1>y  n  tilmag 
Ixuid  aboTo,  ond  tlie  moiilh-piece  adjusted  and  gumm«d  to 
the  akin  around  tb©  moutli,  Iw  wiis  weigbwl,  mid  tlipu  nv 
mninnd  ijuipt  for  wjvmii!  hours,  after  which  timo  lie  wqa 
ngain  ir«ighfKt.  Tlie  differeoce  in  the  two  wwiflila  iadt- 
cftlwi  the  aiiiotutt  a(  li«»  bv  pulmoiuuy  cxliuUtioB.  Ilimng 
tiikra  nCt  tlio  ftir-tight  drcM,  ho  wma  immwdintoly  weighed 
again,  and  a  fourlh  (ira«  after  a  certsta  iiiterval.  The 
difference  tietwi-eii  tlm  two  wnighta  hutt  ascertainnd  gitvc 
th«  amount  of  the  irutnneous  and  pulmonary  exhalation 
together ;  by  subtraclhig  firont  this  the  Iom  by  pulmonaty 
«xhnlalion  nhmc,  while  he  waa  iu  Uift  nir-tight  drosx,  h« 
aacartained  the  amount  of  outaneoua  transpiration.  Th« 
npetition  of  tltcae  experiments  dunng  a  lon^  period, 
ahoired  that,  during  a  state  of  rcid,  tlio  awnge  low  by 
cutaneous  and  pulmonaiy  exhalation  in  a  minute,  is  iVom 
tieTCutceii  to  night^nn  gminii, — the  miuimiim  eleven  grain*, 
the  maximum  thirty-two  grains ;  and  tlmt  of  the  eigbteen 
ffiains,  eleven  jta^s  off  by  the  akin,  and  seven  by  the  lungs. 
The  muxiintim  h»i!<  by  (.-xhalutioD,  cutaueoua  and  pulmo- 
nary, in  tw«nty<four  houi^.  is  about  ^i  lb. ;  tbo  minimum 
about  i^lh.  Valentin  found  the  whole  quantity  lost  by 
exhalation  from  the  culaiivoun  and  respirutur}'  »iirfiic«K  of 
a  healthy  man  who  consumed  daily  40,000  grains  of  food 
and  drink,  to  be  19,000  grains,  or  24  lb.  Subtracting 
IVom  this,  for  the  pulmonary  exhalation,  5,000  grains, 
and,  fi)r  tho  t-nuwi  of  the  weight  of  the  exhaled  corboDic 
aoid  over  that  of  the  eqtial  volumi)  of  tlie  inipimd  oxygen, 
3,256  grains,  the  remainder.  11,744  grains,  or  nearly 
1^  lb.,    may  mpn!s<Tnt  an  average  amount  of  ciitattooua 

lalstion  in  the  day. 

The  hirge  quantity  of  watery  vapour  thus  exhaled  tnta 
the  skin,  will  prove  t)iikt  thr  ninouni  excreted  by  simple 
transudation  through  the  cuticle  must  be  very  large,  if  we 
may  take  KrauHc's  eHliinatu  of  about  eight  square  inches 
for  the  total   evaporating    surface    of  tlie    Hudoriparoua 

Jit 
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glMttd*;  for  not  mora  tlua  about  3.565  grnina  covH  b* 
6f«porai«d  from  such  ft  BoiAoe  in  tweoCr-four  hoan, 
umler  llto  onlinAij  drcunistiiiicm  in  vliich  tha  sar&c<;  of 
the  akin  is  plared.  Tliis  estimate  is  not  an  improboUt 
00«,  (or  il  agrees  rcry  cIomIj- witli  Uiat  of  Milnu-lrMwaidi, 
vbo  calctilatod  thnt  wh«D  the  l«raj>erature  of  the 
sphere  is  not  above  68*  P.,  the  gtaoclulm'  sc«retioa 
Aiu  CODtnbuU'S  oul;  jtb  to  tb«  total  sum  of  ou: 
cxhalntinn. 

lli«  quantity  of  waterj  vapour  lost  by  trttospiiatioo,  ii 
of  courve  infliicn(«d  by  all  external  circunutKiiom  whJdi 
mttoct  tb«  sxbalatioD  from  otb«r  oraporating;  Barlaotm, 
fts  the  temperfttuie,  Om  hy^roiuctnc  stahi^  bimI  tl» 
of  th«  nttnoi^hciti.  But,  of  tlio  vsriations  to  wfaitji  ii 
Bubject  under  the  influoiira  of  Ibeae  conditioiui,  no  otlnnls- 
tion  htut  Wen  ntnctly  niatlo. 

Noitli«r,  until  recently,  baa  tb«r«  been  any  eetinwM  d 
tbe  quantity  of  cationi«  iteid  exbalad  by  tlio  nkin  on  sa 
BTttragr,  or  in  vnnouif  circumsCaDces.  Begnault  and  ReisM 
attemptetl  to  supply  this  defect,  and  concluded,  from  mnm 
careful  ex[>eriuieutji,  that  tlio  <i»antity  of  carbonic  «id 
ntbnlct]  from  tbe  ekin  of  a  irarm-blooded  animal  Is  about 
^'gth  of  thiit  furuUbed  by  the  pulmonary  rcvjiiratton.  Dr. 
Kilvard  Smith's  onlculation  is  Mntvwhat  leu  than  tlu 
The  cutaneous  exhalation  is  most  abundant  in  the  lovo 
classes  of  animals,  more  particularly  the  naked  An* 
phibia,  a«  frogs  and  totuls,  whoeo  skin  is  thin  and  moict, 
and  rendilj-  permits  an  interchango  of  gaaes  between  the 
bliiod  otiuulnttiig  in  il  uud  tlie  nurroiinding  atau)«ph<re. 
ilischoti'  found  that,  nner  the  lungs  of  frogs  bad  been  tied 
and  cut  out,  about  a  quarter  of  a  cubio  inch  of  oarlMnic 
add  gas  wrs  exhaled  by  the  Kkin  in  «ght  hoan.  And 
this  quantity  is  very  large,  when  it  is  j»m«mbered  that  a 
full-Hisvd  fnig  will  generate  only  about  half  a  cubic  m<h  tS 
KurhoMP  itcid  hy  his  lungs  luid  slcin  togetlxtr  in  six  houn 
(Milue-EdwU'da  end  Mtiller).    That  the  rospimiurj-  fuiu- 
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tioQ  of  tb«  akin  is,  pnluips,  orcn  more  confudRrRl)1«  ia  tbo 
higher  nnimnU  tluin  npponrs  to  be  (lie  caw  from  Um  «z< 
perinentB  of  Regnauh  and  Riiia«t  just  alludod  to,  Momed 
pintMUe  by  tliu  fuct  oliMtiTMl  bj  Miignitdio  nnd  otluini, 
tbnt  if  tbe  ekin  of  animals  is  covered  with  an  impennoable 
voniiah,  or  the  body  enclosed,  all  but  tlie  li«ad,  in  a 
caoutchouc  drpiu,  aiiiinaht  noon  dio,  as  tf  anphyxiated ; 
thoir  honrt  and  lungo  being  porged  with  blood,  and  their 
lomperalures,  duiinfi  life,  gradually  falling  many  degrees, 
And  M>m«liinoa  as  much  as  36°  P.  balow  the  ordinary 
■tandaid  (3Is.g«iidi«).  Some  recent  eoqMriment*  of  I.iudilc6- 
witjwb  appear,  however,  to  Gonfinn  tfa«  opioiOD  of  VMleotin, 
that  loHH  of  tiTnipwiitum  in  tho  imnuMliatu  cause  of  death  in 
these  cowe.  A  vamiahed  animal  ia  eud  to  hnvo  euffbrn] 
no  harm  wheu  aurrou»d<Nl  by  cotton  vaddiag,  but  it  died 
wh«u  Iho  waddiug  vm»  romovod. 

AbsorftioH  by  the  skin  baa  been  already  iQflntioii^>  m  an 
instance  in  which  tliat  precem  U  moat  a<itiT«ly  at^com- 
jilialMd.  Motullic  pr<<parationB  rubbed  into  tho  nlnn  liave 
ft»  esne  action  as  wlint  given  intenudly,  only  In  a  less 
degtee,  Mitn^uty  njiplied  in  tliis  mnnaer  «xcrtA  its  aixxnfiu 
influence  iijion  eyphilia,  and  oxcilea  eaUvation ;  potaesio- 
tarlrato  of  uiitimouy  may  oxcitn  vomiting,  or  an  vruption 
extawUng  over  the  nhole  body ;  tind  ars«qik  may  produce 
poiaODOUs  effects.  Vegetable  mattora,  alao,  if  soluble,  or 
already  in  «olutioa,  givo  rise  to  thoir  |>«ciiliar  nffticta,  aa 
catliBrtita,  naroolics,  and  the  like,  when  rubbed  into  the 
skin.  Tho  c-lTi-ct  of  rubbing  is  probably  to  convey  the 
particles  of  the  matter  into  the  oritices  of  tho  glands 
whcnui  they  are  mure  readily  absorlxHl  than  tbi;y  would 
be  through  tho  epidermis.  When  simply  left  in  contact 
with  the  skiu,  subsbuicca,  unleas  in  a  fluid  state,  are  seldom 
absorbed. 

It  hnH  long  hrvn  a  conteatod  (luestiou  whether  the  skin 
covered  with  tlie  epidermis  has  the  {lower  of  abttorblog; 
water ;   and  it  is  a  [>oiut  the  more  difficult  to  determino 
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bomiiM  tlie  akin  lo«es  valor  hy  ATitpvratioit.  But,  l!ri» 
the  result  of  uany  experim^Dta,  it  may  now  l»e  regarded 
u»  a  wi'Il-AiHHiTtained  fiu:t  thut  such  atworpUoa  really  ucciol 
M.-Kdn-ards  has  proved  that  tbo  absorptiOD  of  wster  I? 
the  stD&ce  of  tlie  body  may  lake  plaoe  in  the  low 
uiiimaLi  TUy  rapiilly.  Not  only  fTog%  which  have  a  Uiin 
ekio,  but  ti£ard».  Id  which  Iho  cuticle  i«  thicker  tlum  to 
mail,  afli'r  Imviiig  1<'kI  weiglit  by  ))eiDg  kept  For  tatat 
timo  in  a  dry  Rtniosijhpro,  wt^rc  found  to  wsiiver  both  thoir 
wetf^ht  and  pluwpiit^ait  v«ry  rapidly  vltea  imnMnad  ia 
wator.  Wliim  iiuTvly  tliu  tail,  poslcrior  extmnittos,  ni 
poicterior  part  of  tho  body  of  tlie  lizard  woro  hnmened,  lb* 
wntcr  ftlmorbed  \rn«  dixtributMl  Uirotigltuut  the  Bjittm. 
And  n  like  absorption  tlirougli  tho  ekin,  though  to  a  Icaa 
OXtitnt,  TiiFiy  Inkn  ]i1a<m  ulnO  in  ribu. 

Dr.  Maddon,  having  aseeTtained  tlio  loss  of  wight,  hj 
(^utniinouit  mid  ptilmonaiy  tranajuration,  that  ocimmd 
during  tinlf  an  hour  in  the  ttir,  entered  the  bnth,  aad 
remained  iniuiL-ravd  during  tlie  same  period  of  time,  breatli- 
ing  t]in>iif;h  a  lube  whidi  communicated  witli  the  air 
oxt«rior  to  tho  room.  He  was  tbiMi  rnntfnlly  dried  nnd 
again  weighed.  Twelve  experiments  were  performed  a 
t}>\»  manner;  and  in  ti'n  tlirre  was  a  gain  of  weight, 
varying  fhim  2  scruples  to  5  drachms  and  4  scniploe.  or  a 
niiMU  gain  uf  I  drui^hm  2  Huruplett  and  13  ^Taina.  Tlie 
loss  in  tho  air  during  tho  snme  Imgtli  of  time  (half  an 
hour)  varied  in  ton  experiments  from  2|  dmchnu  to 
t  ounce  2 j  soni[ik-H,  or  lu  (he  mean  was  atHmt  6j  dracfanu. 
So  tlmt,  udmitting  tho  supposition  that  the  cutaneotu 
transpiratiou  was  entirely  suspended,  and  estimating  the 
loss  by  pulmonary  C'xbuliition  nt  3  drut^binK,  there  was,  is 
these  ten  experiments  of  Dr.  Madden,  an  average  absorp- 
tion  of  4  drachms  1  siTiiplu,  and  3  gralua,  by  the  surface 
of  the  body,  during  half  nn  hour.  In  fonr  ezperiraeuts 
performed  by  M.  Berthold,  the  gain  in  weight  was  greater 
than  in  those  of  Dr.  Jiladdcn. 
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In  spvcre  cases  of  dyspbiigia,  vhea  not  erea  fluids  on 

I  takn  iuto  (1m  trtoamcb,  iminiTrnioii  in  h  IxUli  of  waroi 

■  at  of  milk  and  vater  mny  ne«ung«  the  thirBl ;  and  it 

been  fouod  in  miob  oaaes  that  the  weiglit  of  the  body 

'  is  tucrt.-u».it  hy  tha  immvniiuii.    Suilors  iiUn,  ivh<tn  dt-Btiluto 

«f  fre.-di  wiitiT,  find  thoir  urgimt  thiint  iill«ycd  by  simking 

[th«ir  clothes  io  aalt  vater  and  wearing;  them  in  that  etate; 

Lbot  thcau  eflni:bt  luuy  h«  in  purt  dun  b>  tho  liindrtuii^)  to 

j-ibo  eraporatioD  of  jfMer  irova  tho  skia. 

The  abnoqilioii,  uhxt,  of  different  kiuda  of  gas  by  the 
iddit  lit  provtHl  b^  the  nxpRrintcuts  of  Aliemotliy,  Criitk* 
ehnnk,  Deddoos,  and  other*.  In  tlw-in  Ra««*,  of  coiirw, 
the  abwrbed  guaea  combiDe  with  the  fluids,  and  lose  the 
ga«eoiu  form.  8i!vcritl  phynii>logi«tii  liiiir«  obderved  an 
abaorption  of  nitrog«4i  by  the  ekin.  BoddoM  says,  that  he 
Kiw  tli«  anil  t'f  u  negro  beojiue  pale  for  a  short  time  when 
immersed  in  cblorino ;  and  Abemothy  obw>rvod  that  when 
he  hold  hiH  huad»  ia  osygeE,  nitrogen,  carbonic  acid,  and 
[otbfir  gnw^o  cnntiiinnd  in  jars,  ov«r  mercury,  tho  vuluiao  of 
ke  gasea  becfime  cunaderably  dimitii»h(Kl. 
Vha  shun.'  which  the  eraporatiou  fWim  the  skin  haa  ia 
the  Diiuiit«iianco  of  tlm  uniform  timiporatiim  of  tho  body, 
nnd  the  necessary  adaptation  thereto  of  tho  productiou  of 
boat,  haTi!  been  already  mvutiuaed  (p.  3J9)' 
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IHB  KntxKTs  xxtt  raeiK  su^nr-Tiox. 

Strvetiirt  of  di4  Kidtuyi. 

The  kidney  w  cowerw!  on  thw  iMitNido  hy  m  rattier  tnugli 
fibrous  »|ifttile,  irfaidi  is  aligfatljr  Bttnclitd  hy  tt«  inner  mus 
fitCQ  to  tlut  pnypftT  subetonce  of  tiie  or^n  bj  meftiis  of  tvv 
fine  fibrc6  of  nrttnlar  tiMue  Kod  miuuU  blood •TeeaelL 
From  tho  li^lhy  kidociy,  thorobtv,  it  mttj-  be  eaaily  tan 
off  without  injury  to  tlw  ■ubjaeent  curtuuil  portioo  of  tbe 

OTgna.  At  the  hiitu  or 
notch  of  tlio  kidney,  ft 
Ixipomc*  continiioHii  wifll 
the  eilenial  coat  of  tke 
uppur  Slid  dilii(4!d  [Ktrt  of 
tliD  urot«r. 

On  makinfr  ^  aectkn 
loi^(tli-iri*e  tlirou^h  Iha 
kidney  (fig:,  i20)tb6Biaia 
]wit  of  its  BubotaBM  U 
seen  to  bo  ootnpofled  of 
two  chief  portions,  caOed 
ro^ectrrety  tba  enrticat 
and  the  m^duJlarj/  portion, 
tho  latter  hciag  also  sonio 
times  called  ttie  fj/ramiiUI 
portion,  from  the  fact  of  iIh  bciiif;  composed  of  about  a 

*  Tig.  izo.  FInij  of  >  lou^tudinil  tMtion  tbrongh  th*  pritti  ttd 
nibstiLnuii  of  t}iv  ngh\  ktdncj',  | :  a,  tiu)  cnrliod  subsUtiw  ;  A>  h,  hnaA 
part  of  tlie  [ijniniid*  of  Malpighi ;  e.  e,  tho  diriiuoiK  of  Uw  pelrit 
naincd  cnlyrcr^,  UIiI  o[>«n  ;  r",  oiin  of  thnn  anopcncd  ;  rf,  mtntnlt  of  tlw 
pjTumidii  or  |mi)il!n'  [irojectiiig  into  c-olyoM ;  «,  ^  wMion  nf  Ui»  namnr 
I>nn  of  two  |iynriii>lii  uiuir  thfl  raJyou;  p,  pel*!*  i)T*iili>i|t>>itiliriHoluo) 
ih«  itttfT  nSthin  ih*  Icldufj;  u,  Um  iuet«T :  (,  tha  uiitis ;  A,  ike  bilv» 
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conieol  bundlea  of  iinue<tul)«a,  each  bundle  beinf; 
ralW  a  pymmiil.  Tha  uj^or  pnrt  of  the  durt  of  tha 
orgftD,  or  the  nrttiir,  is  dilated  into  what  is  called  tho  ptlvii 
of  Ihe  kidiuvj ;  and  tlit«,  again,  after  MparntiDg  into  tvo 
OT  thrM  principal  dineions,  is  finally  subdivided  into  still 
smaller  [KirtioQB,  varying  in  number  ftora  about  8  to  12, 
or  av«n  more,  and  callud  etUyet*.  Ivnch  of  tli«m  iittlp 
(•IjroM  or  cups,  a^io,  recsirm  tbe  pointed  estromit;  or 
papilla  of  a  pyramid.  Sometimes,  liowevor,  more  tluuL  one 
paptlU  u  received  by  a  o>/yf. 

The  kidney  ts  a  gland  of  the  class  called  tubular,  and 
both  its  cortical  and  medullary  portiona  nm  cttmiuM-il 
eaSMtially  of  K<ci«ting  tubof,    tlio  tiihidi  uriaifm,  which 
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by  one  extremity,  in  the  cortical 
portion,  end  nommouly  in  little 
saccules  cootaining  blood  •  re«- 
sela,  «iI1(k1  italpi'jhian  boilirs. 
and  by  the  otlier  <ip«u  through 
'  tlto  papillit  into  the  pelt-is  of  tho 
kidney,  and  thuii  dixcUarj^  the 
urine  which  Anns  through  them. 

In  tlio  pjTumida  they  are 
chielly  straight  —  dividing  and 
diverging  as  they  ascend  through 
tliese  into  tliu  cortical  portion ; 
while  in  tlie  latter  region  they 
Spread  out  more  irregularly,  and 
become  much  bmni-lnMl  and  convoluted. 

'riHitubuli  uriLifcri  (fig.  I2l>  are  composed  of  a  nearly 
homogeneous  membrane,  linwl  internally  by  spheroidal 
eintholium,  and  for  tlie  greater  part  of  their  extent  are 
about  fl-Ts  <if  an  inch  in  diamftcr, — becoming  somewhat 


•  n^  III,  *.  Peninuof  a SMroting  WBtl  tram  the  oortiotl  mb- 
stMiea  of  tijc  kicincy.  a.  Tlw  •jithtllmn  or  nlmdodU,  mow  highly 
nispiilied  170a  times). 
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IttTgi-T  lliaii  tliU  imtnodiatoly  bcforo  tliejr  open  tlirougb  tlu 
fif).  IJI."  pajfUla.     On    traciug    th«e  iB- 

liuluH  MiiiriLrdH  rn>m  tiie  papUlv, 
they  are  found  to  diviila  iliclii>> 
lomoualy  a«  tliey  aai^nd  through 
Ibe  pyraoiiil*,  tuul  on  rwnOtinit 
tho  bases  of  the  latur,  tfaej 
tjt>giin  to  braDi:li  aud  direric* 
muro  iriiltily,  ond  to  form  Ii7 
their  brnnchee  and  ooaToIutioili 
tlie  e«HMitu)l  purt  of  tli«  cortkal 
portioD  of  tho  organ.  At  tboir 
estremilies  tbey  become  dilated 
into  till)  Malpighian  captvitt. 
Until  n><.-«nllj,  it  was  beliertd 
that  the  otrai^^iit  tubulw  to  tfaa 
PJTnmiib  bruni'h  oat  nod  bcconN 
coiivolLit«d  immediately  on  naek- 
iug  tilt!  biueaof  lliv  pjmiaicb; 
but  betweeo  the  straight  tubes 
iu  tJiA  pymmida  tuid  tho  ixavKh 
luted  tubea  in  ihe  conical  {lor- 
tioD,  llitm  hns  l<ovn  idton-n  to  bn 
a  q«t«m  of  tubules  of  smaller  diameter  than  either,  whScb 
form  intt-rimniuuiiicjitioiiM  Imln-iMii  titu  two  variotieti  for- 
merly  Te^?ogiii«eil.  These  intervening  tubules,  called  the 
looped  tulica  v/  Htnlt,  ttrisiitg  from  the  irtriLiglit  tabes  in 


*  Ff^.  111.  l)U)triim  of  tlig  ImjwiI  UTiuifcnnu  tn>M'4  ami  Uicjrcoii- 
npction  witlitlinopaulivuf  tliv  jtlumeruli  (Ci'oiii  Siiulliujr,  aftFrLniht^). 
Ill  thi^  lowri  part  of  the  figure  one  of  (ho  \ug/>  brancbuig  va\te»  U  Atnnt, 
opening  an  a  pn)>iMii ;  in  the  niiddlr  finrt  tno  of  tlio  loopml  tmall  tabn 
■re  uen  iImck luting  to  fonn  tlimr  li>n|iii,  »>i>t  rD-ucriiiliii;;  in  tbe  mala]- 
\mj  Mlbitnuc«  1  whil*  lu  till*  li)i|iwr  or  ccirlii'al  imrl,  tbulu  tubvK,  uTtai 
NODW  anLtr^-niiviit,  urc  r«pr«>uiitoii  u  bccDining  convoLutml  muI  dilitnl 
in  the  capsiitcs  of  glomeruli. 
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Bome  part  of  their  cmuw,  or  being:  continued  from  tWir 

WtmnttiM  at  tbe  Immm  of  tho  pymmid*,  puu  down  loop- 
,  viae  in  the  pTmuids  for  a  longer  or  ahorter  dUtiuu«,  kud 

th«n,  tignia  turaiuf;  up,  end  in  th«  convoluted  tubes  whoM 
i^eztiemitiM  ttx*i  dilntcd  into  tlio  Malpighian  cafavlis  Lefure 
Inferred  to  (%.  122}.  Onn  trAusveno  eoction  of  a  p%-riLiiud 
](%.  123),  tfawo  looped  lulittf  are  seen  to  lie  of  mudt 
'  MDallor  CAlilHTD  tlian  tho  stmight  onun,  wliiiiU  aru  giaaaing 
I  dovD  to  open  tlirouf^h  the  papHlfe. 

Tho  Mnlpigkiim  bodia  ani  found  oul;  in  the  oorticol  put 
'  of  the  kidney.     Ou  a  soctiou  of  tlio  organ,  some  of  tliem 

ara  jurt  visildo  to  the  uaked  eye  as  minutu  rod  paiuta; 
'-  olbon  arc  too  rnnmll   to  bo  thus  seen.    Their  averagu 

diameter  is  about  i  {^  of  an  inch.     Koch  of  thvna  is  oom- 
[  poiwd  of  tlio   diliilni    cxtritmity    uf  an   urinary    tube,  or 
jllatpiglunn  (apsuU,  «nclosiug  a  tuft  of  l>lMxl>vei>sels. 
In     conaeulion 

with    thrao    littlw 

bodies  the  general 

diatribution        of 

blood  •  vessels    to 

tbe  kidney  may  Im 

Lcn  considered. 
The    renal   ar< 

terj'    dividt'M    into 

sovorol    brandies, 

whi«h,  paming  in 

•t    tlie    hilus    of 

the    kidney,   and 

COTCn-d  by  a  6  no 

•heath  of  areolar 

tissue  derived  from  the  capsule,  enter  the  Bubstanoe  of  the 

*  Fig^  ll]<  TrannTCTMM'Ct.iniiurmnal ]>i>pllla(IViim  Ki>llik*T|  (*'. 
«,  lux*r  tubcii  or  finj'itlHiy  diirls ;  h,  nuHUn  tiiW*  of  Heiil« ;  r,  blood' 
Ttiwnli.  iliitrnguuhod  by  their  flatttr  rpitbelium ;  d,  naebd  of  ths 
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vrgtLR  chieSj  in  tlio  intomila  bodnMn  the  papitt».  and 
penetnte  th«  oortical  snlMtaDoe,  where  this  dips  down  Iw- 
twaeo  tlifl  baaea  of  the  pyramidA.  II«r«  tb«y  tarn  > 
tolerably  doom  plexus  of  aa  arched  form,  and  from  tUi 
ATo  Kir^a  off  smaUex  urlvrioa  which  ultiniKtelj-  auf^y  the 
MaJpigUiiui  bodioa. 

The  small  afferent  art*ry  (fig. 
134),  which  ftntiirn  tho  Mal)a> 
ghian  body  by  perforating  the 
citpiutt,  hnaka  up  in  thu  interinr 
into  a  deoae  attd  oonvolut^d  and 
looped  capillar}'  jdexua,  which  b 
iillimaUily  gnthnrod  up  agaia 
into  n  stnRl«  small  efferent  YtMfA, 
Gomparablo  to  a  minnto  vein, 
which  lonv««  the  Malpighia 
ciipAulo  just  by  the  point  at 
which  Iho  afferent  artory  ontors  it  Oa  leitving;,  it  doce 
not  imniwliuti-lj-  jitin  ol!ier  small  Teina  aa  mi^ftit  Ihito  been 
(>xp(%k-d,  but  ngiiin  Im-idcing  up  tiilo  11  network  of  ca{iil- 
buy  Tomels,  is  distributed  on  the  «xt«rior  of  the  tabulcv 
from  whoHc  dilat«d  end  it  liad  just  em«rg«NL  AfUr  thit 
aecond  limnkio^  up  it  is  finally  colloctod  into  a  amall  vein, 
which,  by  union  with  others  like  it,  helps  to  form  the 
rudii'lcit  <if  the  niiid  vnin. 

The  Malpighian  tajmuh  ia  linr^  by  a  layer  of  fine  aqua* 
mous  epitlieliul  cells;  but  whi^thcr  the  smidl  glomcmlai 
or  tufl  of  capillnries  in  the  interior  is  oorered  by  a  Mmilar 
layer  is  uncertain.     KtiUikor  beliuves  that  auch  a  oomring, 


•  Fiji.  "4-  DinRrnni  Bliowins  llic  relntitm  of  the  )fa][ilghiaB  1 
to  tlio  urinifproui  doi'ta  and  bltiod  Touflln  («Iler  Bawnikn)  :  a,  M 
tliE  interlobular  arlprtci ;  <i',  sITartiit  artery  pnaunginiiiUicglauieralH; 
t,  ea-^mlt  al  \\x.>  ^tH!|l!J()liltn  linilf,  forming  tha  termiimliou  of  rmI  «««. 
Ilniiiiiii  wit.li  (,  lli«  iir[ui(<TOii>i  liibc ;  /,  ^,  tSrivM  Tcuela  irliich  aaU 
dlclilii  in  tliv  I'Inxus  p,  tutrouniUug  the  lube,  and  linalljr  lermiiuta  la 
Ili«  tirsncli  lit  tlio  rvQn]  niu  s. 
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kitbougb  exc««iLui{{ly  thin,  is  present,  and  haft  d«liii>oaiod 
tlw  i^poanuioc  in  tho  ncrompiuiyiti^  tliiij^am  (fig.  125). 
BMides  the  small  offertHt    artdriea  of   the  Mtilpightan 
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bodicA,  thorn  ai%  of  couine, 
othcn  which  aie  distri- 
buted in  the  ordinary 
manner,  for  iiutritioa'a 
wdtc,  to  tho  difierent  parts 
of  tlie  orgHn ;  and  in  the 
pynimidH,  hotwt^n  tlin 
tabes,  tltero  are  numerous 
•tnight  TCBMtla,  the  twnt 
tMta,  euppoeed  by  some  I 
oboeiTors  to  be  brauchea  ' 
of  riMit  ffftrmtin  from 
Malpigbian  bodies,  and 
thftrciiiro  o-(>mpnrable  to  tho 
veoouB  plexus  around  the  tubuloit  in  the  eorlical  portion, 
trhile  otben  tliiak  that  tb«y  arise  directly  from  small 
branc^iM  of  the  nmal  arttrim. 

Between  the  tubee.  veMels,  ©to.,  which  make  up  the 
main  snbstanee  of  the  kiduey,  thoro  exists  in  small  quanti^ 
m  fine  matrix  of  aioolar  tiMuo. 

Hie  nerves  of  the  kidney  are  derired  &om  the  renal 
p1«xus.t 


*  Pig.  t35i  SttnldiagmiiiDatic  mpniWDtAtlon  «r  *  SI>ili>i);Ii[«ji  boil)' 
in  its  T«Utaau  t«  Qia  ariDifvrvuK  tiil>«  {tTma  Kullikvr)  "_'.  n,  i-B{wnlf< 
of  tho  Malpighirui  body  ;  d,  vpiUii'linm  of  tbo  nritu&ronM  tabe  ;  t,  Ac- 
uchod  cpitheliiun  ;  /,  Dllctciit  vchoI  ;  g,  d&runt  «mm1  ;  A,  ontv<dat«d 
VNatb  of  the  jtlomDriitiii. 

t  Fur  n  nion  J«tHilud  sccoiuit  of  Uio  «tnictnre  of  th«  hlilnny  and  ft 
auiuumry  nF  Uiv  (Hrion*  opinions  uu  tbi  lUliJKt,  tlio  iitail*ut  luny  Im) 
rornm)  eipccioll^  to  Qiuuu'i  Annlomy.  711)  (cL,  ouil  lu  n  p*|n'r  by  Dr. 
BcgflMld  Snutbcy  ill  vol.  L  of  tbc  St.  Bnttbolonicn  's  i joipitkl  BqiCTtt. 
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S^ntioH  of  Vrin*. 

The  separatinn  from  tlie  blood  of  the  tofitU  in  k  riata 
of  mludoQ  ia  tb«  uriiM  U  probal)!;  oQiwted,  like  otbar 
mcMtioDs,  }iy  the  ogmcjr  of  Ibo  glanil-coll«,  and  ^qnaOr 
in  all  parU  of  tli«  urine-tubes.  The  urea  and  uric  nciil, 
and  pcrlinp*  anmn  of  tho  other  «onatila«ota  exiatiBp  leadt 
formed  in  tlie  blood,  msj  need  only  «eparntio<n,  tluU  ii 
they  nuiy  piun  from  tlio  blood  to  tbe  urine  witbout  furthsr 
elaboration ;  but  tliU  J*  not  tlic  i-idw!  with  iir)iitA  of  Uit 
other  principles  of  the  urine,  euch  oa  the  acid  pho^hotM 
and  Die  sulphates,  for  Iheee  aalta  do  not  exiat  aa  auch  io 
the  ]i1nod,  and  must  be  formed  by  the  chemical  a^mry  of 
the  cells. 

The  icatfry  part  of  tbe  urino  is  probably  in  part  aeps- 
rated  by  tha  sane  Ktniotunui  that  Mcnte  the  nolid^  but 
(he  ingieniouB  euf;f;:eolion  of  Mr.  Bowmaa  that  the  waltr 
of  the  urine  ia  mainly  atrained  oQ^  so  t»  apuak,  1^  0» 
Malpig'htaa  bodies,  from  the  blood  which  circiilaws  in  thccr 
capillary  tufts,  ia  esceedinftly  probable;  althougli  Ji^  ■■ 
Kiilliknr  and  othL-ra  inuintai:i,  tlierc  is  an  epitltcUnl  cotct- 
in)C  to  these  tuft«  or  glomeruli,  it  in  rnry  likely  that  the 
anlida  of  the  urine  may  be  in  part  secreted  here  also.  We 
may,  theivforo,  concluile  that  nil  pnxtti  of  tlin  tubnUr 
system  of  the  kidney  take  part  in  the  eocretion  of  the 
tunne  an  a  whole,  but  that  tlierti  in  a  pr^iviaiOD  also  in  tbe 
nrrnngometit  of  the  veseels  in  the  Afalpigbion  bodies  for  a 
more  simple  draining  oCf  of  water  from  the  blood  wben 
retjuirnd. 

Tlie  Ltrge  tixp  of  the  renal  arleriea  and  veins  permits  so 
rapid  a  transit  of  the  blood  through  the  kidneys,  that  the 
whole  of  tlic  blood  is  purified  by  them.  The  aecretioD  of 
urine  is  mpid  in  comparison  with  other  accrctiona,  and  as 
each  portion  ia  secreted,  it  propels  tlmt  which  ia  already  in 
the  tubes  onwards  into  Uio  [lelvia  of  tbe  ktduuy.  Tlienoe 
through  the  ureter  the  uriuo  pa«sc«  into  the  bladder,  into 
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which  its  rate  and  mod«  of  entrance  hss  been  watched  tn 
I  of  ectopia  veakt^  i.e.,  of  vudi  fittunts  in  th«  nntorior 
,  lower  port  of  »ho  wall*  of  the  alxlomeo.  and  of  the 
front  wall  of  the  bUdder,  as  exposed  to  vitivr  ibt  hinder  wall 
toother  with  the  otiSem  of  tho  urotirre.  Some  good 
obmrrations  on  such  cmm  wero  made  hj  Mr.  Ertolisen. 
The  urifio  does  not  enter  the  bladder  at  ouy  rflgiilnr  rate, 
Aor  ia  thnre  a  KyiiohroniMin  in  its  in<iv<!ni<;nt  tlirongh  the 
["two  iireten.  During  fni>tiDg,  two  or  tLr«e  dropa  enter  the 
bladder  every  wiuute,  each  drop  as  it  enters  first  niiAin)^ 
up  tlio  little  [iiipillii  on  which,  in  iIicjiu  vast*,  the*  ureter 
opens,  and  then  passing  slowlj  through  its  orifice,  which 
at  onca  again  closes  like  a  spblucler.  In  the  ri'i'umbont 
posture,  the  urine  collect*  for  n  littlo  timo  in  the  uretera, 
then  flows  geatij,  and,  if  tlie  bod;  be  raised,  runs  fmm 
thom  in  a  atroam  till  ihoy  iim  cmph-.  Its  flow  is  increased 
in  deep  inspiration,  or  striiining,  and  in  active  eiercise,  and 
in  fifteen  or  twontj*  minutcM  after  a  uieal. 

The  same  observations,  also,  showed  hnvr  fast  aone 
Buhaljuiccs  pu-HM  &oni  the  stomach  through  the  ciriiulatlou, 
and  through  the  veesels  of  tho  kidneys.  Korrocyanide  of 
polaaaium  so  passed  on  one  occaaion  tn  a  minute :  vegetaUa 
substances,  such  as  rhubarb,  oocnpicd  from  siicteon  to 
thirty-fiTO  minutes;  neutral  alkaline  salts  with  vegetable 
tuaiit,  which  were  generally  decomptmivd  tn  irantiiii,  made 
the  urine  alkaline  in  from  twenty-eight  to  forty-seven 
minutes.  But  the  timea  of  passage  varied  much;  and  tlie 
tranxit  was  always  slow  whon  tlie  8ul>stan»cs  wi'io  taken 
during  digestion. 

The  urine  tollwting  in  tlio  urinary  hliulder  is  pn-Tented 
fhnn  regurgitation  into  the  ureters  by  the  mode  in  which 
these  pniw  through  the  walla  of  ihe  bladder,  namely,  by 
tlieir  lying  for  between  hiilf  auil  tliree-quarte-m  (if  on  iiieh 
between  the  muscular  and  mucous  coats,  and  then  turning 
ntlier  a1>ruptly  fomnrtls.  and  opeiiitig  through  the  latter, 
it  collects  till  tho  distension  of  tho  lilmlder  is  folt  f.hh'T 
hj  direut  sensation,  or,  in  ordinary  oases,  by  a  transJerTed, 
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HCdMtion  itt  imd  iww  tho  orifico  of  tlws  tir«thpa.  TIiMi,  tb 
«fibrt  of  the  will  beiD^;  diractet]  primarily  to  tho  tnuMdo  of 
th«  abdonieo,  uiul  tliruug^)i  tliem  (by  ttaaoo  of  its  t«tult!iu7 
to  net  with  them)  to  tho  urinary  I4iuld«!r,  tJie  latttt, 
Uidiij^h  its  muscular  walla  ora  really  composed  of  turo- 
luutary  niuauU',  contrai:ta,  uud  ex]MtU  the  urina.  (See  llu 
p.  323). 

7%*  Vnn4 :  ia  gtn^nd  Prop*rtiea. 

Ilonlthy  urino  in  a  clear  limpid  fluid,  of  a  pale  j-eIIo«r  ot 
ambor  colour,  wIUi  a  peculiar  faint  aromatic  odour,  which 
bectfiitAi  puDgvnt  sud  amniouiaual  when  decompositiao 
takos  plMca.  Tho  iirin«,  though  iuu«lly  clear  and  Imu- 
patent  at  first,  oft«n  beoonwa  as  it  cools  (^tuqiie  and 
turbid  fnim  thn  depiHtitioti  of  pikrL  of  its  ooustlluents  pt9- 
riously  held  iu  eolutiou ;  and  this  may  ho  oonsuitcut  witk 
healtJi,  thuu^fli  it  is  ouly  ia  disease  that,  in  the  tempen- 
ture  of  98' or  lOO',  at  which  it  iit  roidod,  tJio  urine  it 
turbid  even  when  Grat  oxpelled.  Although  ordinarily  ol 
pale  amboT  (»ilour,  yot,  co:iaintitn(ly  nilh  health,  tJte  urine 
may  bo  nearly  colourless,  or  of  a  brownish  or  docp  ora^gv 
tint,  and,  between  theM  exCreiues,  it  may  present  evoy 
•hadn  of  colour. 

When  secreted,  and  most  commonly  whm  first  vouUd, 
the  iiriiu!  has  a  dintiuctly  acid  rmictiuu  in  man  and  all  Off- 
nivorous  animals,  and  it  thus  remains  tilt  it  is  noutraliied 
or  made  alkaline  by  tho  ammonia  devolnped  in  it  ly 
decomjHMiition.  In  iiiUNt  herbivorous  am  mala,  on  the  con- 
trary, the  urine  is  alkaline  and  turbid.  The  difTercDM 
do])<riic]H,  not  »u  any  pfculiority  iu  the  mode  of  eeoratiOB, 
but  on  iho  difTcTOQceo  in  tho  food  on  which  tho  two  claww 
subsist:  for  when  carnivorous  auiraaU,  such  as  dogs,  are 
restricted  to  a  Tegetabto  diet,  th<^ir  urine  W-omitt  pide. 
turbid,  and  alkaline,  like  that  of  an  herbivorous  animal, 
but  ruumOB  its  former  ncidi^  on  tho  return  to  an  animai 
diot ;  while  the  urine  voided  by  herbivorous  animals,  4^-, 
rabbits,  fud  tur  soma  lima  «xduHlv«l^-  upon  aniuinl  eab- 
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I  ttanoec,  firoMots  th»  tuAi  nwctton  and  othor  qtuilities  of 
th«  urine  of  Carnirora,  ite  ordinary  alkalioi^,  Imitg  le- 
I  fliond  only  OD  the  su1»tituti(iu  of  a  vegetablu  for  tLe  luuinid 
Idiet  (Bsmaii]).      Uumao   uriuo  is   not  twuully  rendered 
aUuliutt  by  rentable  di«t,  but  it  becomes  so  afl«r  tlio  frco 
iuM>  of  nlkiilino  modiciDss,  or  of  th«  ollcaliM  salts  irith  car- 
bonic or  TCj^tabte  acids ;  for  tli«ee  latter  vn  changed  into 
alludln«  cikrlmiinlos  prvvioii*  to  eUmiitation  l>y  tlio  Icidnoja. 
Except  in  tbeee  cases,  it   is  ■nry  rarely  alkaline,  unless 
;  unmoDia  has  been  dercQoped  in  it  by  decomposition  oom- 
I  nundog  boforo  it  is  orocuatwl  from  tlie  bladdsr. 

Tbe  average  tpecific  gravilrj  of  the  human  urine  is  about 
1020'  Proliality  no  otlivr  uiiimnl  fluid  [irixMut*  ea  many 
varieties  In  denaity  within  twenty-four  hours  as  the  urine 
does;  for  the  relative  quantity  of  water  and  of  solid 
constituents  of  which  it  is  compOHod  is  mntorially  influ- 
floced  by  the  condition  and  occupation  of  the  body  during 
the  time  at  which  it  is  Bocmlod,  by  the  length  of  time 
which  has  elapsed  since  the  last  nioal,  and  by  several 
other  aci'idantal  circumstances.  The  exiateace  of  those 
oausM  of  ditfereDce  in  the  compofition  of  the  urine  has 
FM  to  the  secretion  being  described  under  tlio  three 
'  heads  of  urina  taiujninU,  urina  poiui,  aud  uriita  cihi.  Tho 
first  of  these  names  eignifius  tho  uriuc,  or  tliut  port  of  it 
which  is  secreted  firom  the  blood  nt  timing  in  which  neither 
fiiod  nor  drink  has  been  recently  taken,  and  i»  applied 
ospodnlly  to  tho  urino  which  is  evncuatod  in  the  morning 
befiwe  breakfast.  The  urina  polta  indicates  the  uriae 
seereted  shortly  aftisr  tlio  introduction  of  any  conaiderable 
quantity  <>f  lliiid  into  tho  body :  and  tho  urina  tibi  the  por- 
tions secreted  during  the  pmdod  immediately  suc:ieeding  ft 
meal  of  Hulid  food.  The  last  klud  coittduH  a  lorgnr  ifuantity 
of  solid  matter  than  oithor  of  tUo  others;  the  first  or 
•eoond,  being  largely  diluted  with  water,  posseaaea  a  oorn* 
paratively  luw  sjxicifio  gravity.  Of  thiso  titnte  kinds,  tho 
morning  urino  is  tho  host  cnlciiIatiK]  for  analysis,  since  it 

t  reseats  the  simple  secretion  unmixed  wttli  l)ba  <^oin»i^ 
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of  food  or  firink ;  if  it  be  not  otwd,  tho  wltol«  of  tlw 
|»Med  durinfT  a  period  of  twaitj-taar  hoora  aluRild  U 
tdceo.  Id  aaxnduioe  with  tbo  Tariona  ciranncUDO* 
ftbovn-ci^ntioiml,  tho  iipocifio  grarity  of  ibe  uziup  m^, 
ooonatentif  with  health.  raBge  videlj  on  bath  aidet  oT 
tbtt  tuuttl  avenge.  The  RTcrago  healthy  rAsgn  laqr 
b«  Btulod  Kt  from  1015  ■»  ^  winter  to  t025  in  tib» 
■nuner,  and  nuutiooa  of  diet  and  oxeici«a  may 
great  a  dtff«reaoe.  la  disease,  the  rariatioD  may 
grcfttrr;  BometimM  dMOcnding,  in  aDmiiiintma,  to  IOO4, 
and  frequentl;  aaceoding  in  dlabetea.  when  tbo  urine  b 
ludfd  with  migar,  to  tojo,  or  even  to  1060. 

Tito  whole  quanlilg  of  itriuA  secreted  in  ttevatj-ba 
hours  is  subject  to  variation  nixording  to  th«  nm 
Hull)  drunk,  luiil  tha  proportion  of  the  latter 
from  the  tkin,  lungs,  and  alimentarj  canal.  It  ia  boouH 
the  secretion  of  the  eldn  ia  more  active  in  sutamer  than  n 
winter,  that  the  quantity  of  urine  ia  atnaller,  and  ill 
specific  ^avity  proportionately  higher.  On  taking  dw 
mean  of  nuii)«roua  obserralions  by  several  experinwaterL 
Dr.  Parkt-H  {mmd  tliut  tlie  average  quoulity  voi<lcd  ia 
tw<iQty-four  hours  by  healthy  malo  adulta  from  twen^  ta 
fiirty  years  of  age,  amounted  to  52^  fluid  ouseea. 

Chemical  Composilivn  of  the   Vrint. 

Tbo  urine  couHinta  of  wutitr,  Iioliling  in  solution  certah 
animal  and  ealino  matters  as  its  ordiuaiy  coiutttucnta,  nnd 
ocvasioiuilly  various  matters  taken  into  tlie  stomadi  a* 
food — Bultii,  (xilouriiig  niattiM',  and  Uiu  liko.  The  qtiSB- 
tltiea  of  the  sc^ernl  natural  and  constant  ingTn<Iv«iitB  of 
the  urine  are  staled  somewhat  dilTereiitl}-  by  the  difft 
diomista  who  hare  analyw-d  it;  but  many  of  the  dilTi 
are  not  important,  and  the  well-known  accuracy  of  the 
aeveral  chomista  renders  it  almost  imruatcrinl  which  of  the 
aaalysea  ia  adopted.  The  analysis  by  A.  Beotpiorvl  being 
adopted  by  Dr.  I'rout,  and  by  Dr.  GoMiug  Bird,  will  be 
hero  empVoyt^     l^a^!^ft\,'^ 
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From  these  proportiona,  bowerer,  moat  of  the 
tuents  ivre,  even  in  heslth,  liftble  to  Tiiriations.  KapecnO; 
the  wiUt  is  so.  Its  varlalioiis  in  different  aeasons,  aui 
aooording  to  tlto  ijuuntity  of  drink  and  exercise,  hsn 
alrciutf  Ixwti  m«DtioDed.  It  U  also  littble  to  be  inflm 
by  Uie  oondittoQ  ut  dio  nervous  sj'sten),  twin^  soirn 
greatly  iiicruiaw^  iii  hyHturia.  and  somu  otliur  uvrraai 
■factious;  and  at  other  tiioos  dimiuixliixl.  la  aoDa 
diseases  it  is  enormously  increased ;  and  its  increase  may 
be  i-;lli(ir  attoniii^  with  an  uugmeotAd  quautity  of  solid 
matter,  as  in  ordinaty  dinbotM,  or  may  bo  tuwrly  tho  sol* 
ohauge,  as  in  the  olfeclioa  tenoed  diabetes  iosipidua.  Ii 
otiicr  diseases,  tf.y.,  the  vnnous  forma  of  albuiniBiiria,  the 
quantity  may  be  considerably  diminished.  A  febrile  oon- 
ditiun  (ilmont  always  dlmtuishea  the  quantity  of  vaUr; 
and  n  like  diminution  ia  caitdnd  by  any  aiTtiotion  which 
draws  off  a  ^Atf^  quantity  of  fluid  from  tho  body  throng 
any  otlier  diauuiil  than  that  of  the  ktdoeys,  «.j.,  Ihe  bow^ 
and  the  sldi). 

Vrta. — VmA  ia  (he 
<^i|)al  solid  constituent  of  the 
uriuH,  forming  nioarly  ons- 
half  of  the  whole  quantity  of 
Mlid  matt«r.  It  ia  also  the 
most  important  ingredient, 
4inc«  it  is  the  chief  subslaODS 
liy  wlittth  the  nitrogen  of  de- 
composed tismo  and  euper- 
lluoua  food  is  exooted  from 
the  body.  For  its  removal, 
the  secretion  of  urine  seems 
especially  provided ;  and  by  its  rotuntion  in  the  blood  Um 
most  pernicious  effects  are  produced. 

Urea,  like  the  other  solid   coustltuents  of   tfao  nrin^ 

*  Fift  136.    Cryatala  «t  una. 
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s  in  a  irtato  of  solutiom.  Bat  It  mnj  bo  pmciimd  in 
thn  wtliil  rtoto,  and  then  appears  in  the  form  of  delicate 
dlveij  acicular  d^atala,  which,  uudor  tha  microscope, 
appear  aa  foursidod  pri«ma  (Bg.  126).  It  is  obtained  ia 
thia  state  hy  ornpornting  urine  carefully  to  the  oonsisteDce 
of  honey,  acting  on  the  iuHpiHsaUil  imuu*  with  four  piirLi 
of  alcohol,  thon  ornpomting  the  alcoholic  eolution,  and 
purifying  the  reeidue  by  repeat«d  eolution  in  vater  or 
akolitil,  and  finally  allowing  it  to  o^Ktalliwe.  It  readily 
combtDM  with  an  acid,  like  a  weak  ba»o ;  and  may  tliua  bo 
conrsntectly  procured  in  the  form  of  a  nitrate,  by  adding 
about  tiulf  a  drailtm  of  puni  tiitrio  acid  U>  double  that 
quantit}'  of  urine  in  a  watch  glass.  Tho  ciystals  of  nitrate 
of  uTL-a  an^  fiinnitd  mnro  rapidly  if  tlie  urine  have  boon 
preTioiuly  concentrated  by  eraporatioD- 

VtiM  ia  <'olc>url<a!»  wbini  puro ;  when  impare,  yollow  or 
brown :  without  emell,  and  of  a  cooling,  nitre-Uke  taate  ; 
1lb5  neitlwr  an  acid  nor  nn  alkaline  ro-actlora,  and  doIi- 
gveecea  in  a  moist  and  warm  atmosphere.  At  59'  K.  it 
nquirea  for  ita  solution  leas  than  tin  woight  of  watvr ;  it  is 
dissolvnd  in  nil  pmporliotis  by  boiling  water ;  but  it  rp- 
quiref)  live  times  ils  weight  of  cold  alcohol  for  ita  solution. 
At  248"  F.  it  melts  witliout  undergoing  d(«umpOHilion ;  at 
a  still  higbor  f^mpornturo  ebullition  takes  place,  and  car- 
bonate of  ammonia  sublimes;  the  melting  mass  gradually 
aequirtis  a  pulpy  coiuiLileiicv  ;  and,  if  tlis  heat  ia  carefully 
z«gulaled,  leares  a  grey-white  powder,  eyanic  acid. 

Uie*  is  identical  in  oompoaitiou  willi  cjaiiate  of  ammo- 
nia, and  was  first  artificially  produced  by  Wohler  ftom  this 
aubatftnce.     Thus: — 

Cytnate  of  Atnmonia.  Vtto. 

Clt.VO.  II.S         =.         Cli.X.O. 

Tlie  action  of  heat  upon  urea  in  evolving  carbonate  of 
ammonia,  and  Icnring  cyanic  acid,  i»  Ihua  explained.  A 
simitar  decomposition  of  the  urea  with  development  of 
orbonatc  of  luiuiiunia  ensues  sjiontunooualy  when  urine  is 
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fcopt  fiir  noma  days  after  beb^  voided,  and  explainidal 
Mnmoniocal  odour  IIiod  wrolvrd.  It  in  proliatili),  lliat  (hs 
q>oiiUneoua  decompoeition  is  accelenited  by  tho  tnticiu  W  | 
Otlicr  uiiroal  nuitUrs  in  the  uriae,  wliiob,  hj  Iiecoaua^j 
pultid,  act  th«  part  (rf  a  ferment  and  excite  a 
oompokition  in  the  sutroundiuj;  ocirajwunds.  It  is 
thus  that  the  urea  is  sometimoH  (ili.'oi>inj>o«od  befon  El 
leavee  the  bladder,  when  the  mtuxwe  membrane  Is  di« 
and  tha  mueua  aecieted  by  it  ia  both  mors  abundant  tat, 
probably,  mora  prone  then  iwuol  to  become  putrid.  TV 
same  occurs  also  in  some  affections  of  the  uerroua  tpfttea, 
particularly  in  pnreplogin. 

The  quantity  of  urea  exoreted  i^  like  that  of  the  orine 
itself,  aubjoct  to  considerable  Tariiition.  It  i»  raaturiallj 
influenced  by  diet,  bnng  greater  vheu  animal  tbod  it 
exdu^voly  used,  loss  xtlvoa  the  diet  is  mtxc-d,  and  leiuU  of 
all  vMi  n  vc^table  diet.  As  a  rule,  mm  excrete  a  larger 
quantity  than  women,  and  persons  in  th«  middle  periods  of 
life  a  larger  quantity  ttiaii  tnfitata  or  old  jKioitlo  (Lncun}. 
Tim  quautity  of  urna  dovs  not  nncoesiuily  increase  sail 
docroiise  with  that  of  the  urine,  though  on  the  trhobit 
would  seem  that  whi-ncvur  the  amount  of  urine  ia  mntk 
augtn«ut(Hl,  tliu  quimtity  of  uroa  nbo  is  usnally  incsnaMii 
(Becquercl);  and  it  appears  firom  obserrationa  of  Ouatli, 
that  the  qunntity  of  urea,  as  of  uriui^,  may  be  ospeciBUj 
iDcrciiijic^l  by  drinking  lurgic  quantities  of  water.  In  various 
disoiu«!i,  as  idbuntinuria,  tlie  quantity  >•  reduced  oonsider- 
ably  below  the  healthy  stoudard,  while  in  other  affection* 
it  is  above  it. 

Tho  urea  appears  to  be  derired  from  two  different  snc 
That  it  is  derived  in  part  from  tlio  unoKsimilated  ' 
of  uilrogenous  foo<l,  circulating  with  the  blood,  ia  ahown 
in  the  increase  which  ensues  on  substituting  on  animal  or 
highly  nitrogenous  for  a  rogotablo  diet ;  in  tlio  much  larger 
amount,  nearly  double,  excreted  by  Camivom  tlion  Her- 
Livora,  independent  of  exerciiso ;  and  in  its  diminution  to 
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about  0D9-hnlf  dorin;*  Btarvntlon,  or  during  tiwexoluaion 
of  non-iiitru^uouji  [iriucijitc!*  of  focxj.  But  thnt  it  U  ia 
larger  port  di--rirad  Irom  the  dudDtegiation  of  the  akotued 
aaUul  tiMoei,  it  abown  by  the  fact  tliat  it  coutuiuM  to  bu 
eusvtod,  though  in  cmollor  qiurnti^'  tfann  uruuI,  uhea  nil 
nitrograous  eubstasces  mre  etnctly  excjuded  ttom  the  food, 
as  when  tha  diet  consiats  for  sereral  daja  of  mgnr,  atarcb, 
gum,  oil,  and  «imilar  nou'diotund  vegetitbte  aabstonoes 
(Lehmann).  It  is  excreted  also,  ev«a  though  no  food  at 
nil  bo  tukcu  for  a  H>iuudernblft  timu ;  thus  it  is  fouud  in 
ibe  uriiio  of  roptiliN)  trhicli  havo  fostod  for  mouths ;  and 
in  the  urine  of  a  roaduiau,  who  hod  fa8t«d  eigbteeD  daya, 
LMMUgnc  found  both  umit  aud  uU  tho  components  of 
beolthjr  uri&e.  I'robnbly  nil  tho  nilrogvoous  tissuM  fur- 
uiah  a  tihu«  of  urea  by  their  deompoaition. 

It  hw  \k!«d  cummoidy  tukun  for  gnuitiMl  that  tlic  quim- 
tily  of  urea  in  the  urine  is  greatly  increased  by  acliro 
[iw;  but  numerous  observers  have  failed  to  detect 
10T«  than  a  iJigbt  increase  uiidcT  sucJk  circumnt^mcea ; 
aud  our  notions  concerning  the  rolation  of  this  cxcrotory 
jiruduct  to  the  desinicltou  of  muwidar  fibre,  consequent 
on  tlio  exMciso  of  Uwi  latter,  lui»«  latriy  uudurguni;  con- 
siderable modification.  There  is  no  doubt,  of  course,  that 
llko  oil  \Mxta  of  the  body,  the  muscles  have  but  a  limited 
term  of  existoiice,  and  are  being  tH^iutiuitly  roiii'wed,  at 
tliu  same  time  that  a  port  of  tho  products  of  their  disin- 
tegration iippcurs  in  the  uriue  in  the  form  of  urea.  But  the 
waste  is  not  so  fust  ai  it  Ikiis  boon  fioquoutiy  siipjvosod  to 
l>o;  aud  tlie  theory  that  the  amount  of  work  done  by 
Ibe  musclo  is  vxpn-ssed  by  the  t^uautity  of  urea  exoreted 
ia  the  urine,  and  that  ench  act  of  (lontmction  corresponds 
to  ut  tijuivalent  waste  of  muscle-structure,  is  founded  ou 
enor.     (t^co  also  chapter  on  Motion.) 

Urea  exists  ready-formed  in  the  blood,  and  is  simply 
abstracted  therefrom  by  the  kidneys.  It  may  be  detected 
iu  anutU  quantity  iu  tlte  blood,  aud  in  some  other  parts  of 
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the  bodj,  tg.,  fhe  hurooun  of  the  eye  (Millon),  ermi  vUlt 
tb«  fiuictiniu  »f  Hits  kti]ae}-B  are  utumpoirMl :  but  vha 
from  any  cause,  Mpodollj  mi«niiT«  disosM  or  extirp«tMa 
of  the  kidnej'v,  the  MpAT&Uon  of  urioo  U  imperfect,  iIk 
iiKiu  in  fouiul  liirgL-ly  in  the  blood  and  m  rnoxt  oiiust  ftnili 
of  tho  bodj. 

Vrie  Aeid.:r-T\aB,  which  is  another  mlrof^ie^oiia  aniail 

ftulidbuiLis,  vitb  the  tat- 
mala  C^N^H.O,.  and  «« 
ibrowrly  termed  lilhio  add, 
on  Mooount  of  its  vxiirtaw 
in  many  forma  of  urittny 
calculi,  is  rar»ly  tinai 
from  tho  urine  of  num  or 
acimals,  thougli  Id  tbt 
fotiiio  tribu  it  menu  to 
be  Bometimes  entirely  !•■ 
jilaccd  by  urea  (0.  BJid). 
lU  proportionate  quontily 
Tories  considerably  in  diifeient  animala.  In  man,  and 
Mummalia  i^erally,  eapocinlly  tbu  IlerbiTOm,  tt  is  com- 
paratively Kmall.  In  the  wliolo  tribe  of  birda  and  of 
serpents,  on  the  other  hand,  the  quantity  is  rery  laijc; 
greatly  exceeding  that  of  tliw  uruu.  In  thii  urine  of  |;nn)- 
TMxias  birds,  indeed,  urea  is  rarely  if  ever  found,  its  place 
being  entirely  flu]>plied  by  urio  add.  The  quantity  of  uric 
acid,  like  thnt  of  urcft,  in  human  urine,  is  increased  I^  the 
live  of  animal  food,  and  deiTeased  by  the  use  of  food  fns 
from  nitn^^ea,  or  by  an  excluBirdy  regelablo  diet.  la 
most  febrile  disenees.  and  in  plethora,  it  is  fonnad  in 
unnaturally  large  quantities ;  and  in  gout  it  i«  dcpoated 
in,  and  in  the  tissues  around,  joints,  in  tlie  form  of  urate 
of  lodn,  of  nhich  the  so-called  chalk-stones  of  this  disease 
are  principally  composed. 

*  fl^  137.  Yarious  fonns  of  niis  aciii  oystob. 
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Tho  Mttdition  in  whicli  urio  lu^id  exists  In  solution  in  tb« 
uriiui  luui  tnnn«<I  the  mbject  of  soma  discuuioii,  because 
of  ita  difBcult  solubility  in  water. 

According  tu  I  j«big  tho  uric  Mcid  fixiHtH  m  urate  of  sodft, 
jtroduccil,  he  suppoees,  by  tlw  uric  aHd,  as  iKion  tu  it  is 
formed,  oombining  with  part  vf  tlio  baac  of  &6  alkolinfi 
phosphiitu  of  soda  of  the  bloo<l.  Ilippuric  odd,  which 
sxnts  in  human  uriue  alM,  lie  belieras,  ads  upon  the 
alk&Une  i>li(wphnt«  in  tho  tanw  way,  and  increaaea  still 
more  tho  quantity  of  acid  plioHphale,  on  the  pn»oni»  of 
which  it  is  probable  lluit  u  part  of  tliti  natural  acidity  of 
the  urine  dttponilfl.  It  is  scarcely  possible  to  say  whethflr 
tba  iininn  of  uric  acid  with  the  base  soda  and  probably 
MUDODia,  talcm  jilnrv  in  th*  blood,  or  in  the  act  of  secre- 
tion in  the  kidney:  the  latter  is  the  more  probable 
opinion  ;  but  the  (]uniitity  of  vither  uHd  acid  or  urates  in 
the  blood  is  probably  too  small  to  allow  of  this  (juuntioQ 
b«ing  solved. 

The  souTM  of  uric  acid  is  probably  in  tho  disintegrated 
demonts  of  albuminouH  liiinucM.  The  relation  which  uric 
add  and  untu  Iwar  to  each  other  is,  however,  still  ob»cni«. 
Tlio  fart  that  tiiey  often  exist  togetlier  in  the  same  urino, 
makes  it  SL-iMn  pmbiible  tliiit  thoy  luivo  dilTi^nmt  origiua  or 
diffi'mnt  olWws  to  perform  ;  but  the  entire  replaceraemt  of 
dther  by  the  other,  aa  of  unM  by  uric  add  in  Die  urine  of 
birds.  surpMit",  and  many  insects,  and  of  uric  add  liy  urea, 
in  tho  urine  of  the  fidimi  triliu  of  Mammalia,  shows  that 
each  alone  may  discharge  all  the  important  fiinctions  of 
tho  two. 

Owing  to  ita  «xiHl(m«)  in  combination  to  hcaltliy  urine, 
uric  add  for  osamination  mxist  generally  be  precipitated 
ttom  ita  basus  by  a  Mroiigcr  lu  id.  Frui|ucntly,  howerer, 
wbon  CKcirTtod  in  esnjss,  it  is  deimsitrd  in  n  o^-Hialliuo 
form  (%.  127),  mixed  with  large  tjuantities  of  urate  of 
ammonia  or  soda  (6^.  I30).  In  such  cases  it  may  be 
procured  for  microitcopic  examination,  by  gently  warming 
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iho  portion  of  urine  conUtaiag  the  aediment ;  thi*  dimdrca 
urate  of  ntniaoaia  and  ikhIil,  wliiU)  tliu  coinparatirelf  m- 
BoluVIo  cry sttila  of  uric  acid  suWd«  to  the  bottom. 

The  loost  coiomoD  form  in  whkfa  uric  acid  ia  d^ponttJ 
in  urine,  i»  that  of  a  tirowniith  or  joUnwiidi  |>owder]r  aib- 
ttaao),  consifeting  of  graDuLes  of  urate  of  ammoDia  or  wik. 
When  depodtied  in  crystals,  it  ia  ino««t  frequentlj  ia 
rhombic  or  diumond-Bhiiped  laminos  but  other  fcnma  an 
uot  uuQoumoQ  (fig,  127).  Wheo  d«tHHiied  from  uHmj 
the  cryHtuU  are  gLiuiruUy  niur«  or  Uw  dv«ply  coloured, 
by  hflag  combined  with  the  colouring  priaciidoa  of  tha 
urine. 


Wit.  lA' 


Uippuria  Aeid  has  long 
been  kDoim  to  exist  in  th* 
urino  of  hurbivoroua  anJmall 
in  combiualioD  with  esda. 
Liebig  has  ahown  that  it  als> 
i-xintu  nutumlly  in  the  nrioi 
if  man,  id  qunntity  equal  to 
the  urio  a<tid,  aud  Weiunaiin's 
iiliiervadona  ufcree  witli  thii. 
It  is  a  nitTOg«iious  compoond 
with  the  fonuiJu  C.H^SO,. 
It  iit  cloudy  allied  to  benmic 
mid;  iiml  tliis  ouijsUmi'e  when  introduced  into  the  By»t«<B, 
is  rxi-rctod  by  thn  kidnovM  a»  lii|i[iunc  acid  (Urv),  Iti 
AOOrceie  not  eatisfactorily  detomiincd:  in  port  it  is  pn>- 
bably  doriviMl  fmin  wnxa  coiistituents  of  vegetable  diet, 
though  man  has  no  hippiiric  mid  in  lii*  food,  nor,  oon- 
monly,  any  beuxotc  acid  that  might  be  converted  Into  it; 
in  pan  ivnm  the  natuFid  dtHint^-gration  of  ttiwuos,  inife- 
pendent  uf  vegetable  food,  for  Veismano  constantly  found 
an  upprcciabla  qitaiility,  oron  it-licn  living  ou  on  cxcluainly 
animal  diet. 

*  Fig.  lit.    Cryitalxofliijipatlcadd. 
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TTw  nature  and  coiniKMution  of  tli«  eoioarm<i  nuiiier  of 
uriiuttiTio  im-olTAdiaKHOMobwurSly.  Itia  proWUy clowlj 
relate  to  tli«  coloiirjiiif  matter  of  tlio  blood. 

Tlic- niHriu  in  tho  urino  com- 
MKt*  principally  of  the  «pi- 
th«Unl  dubris  of  the  imuxmn 
aurfiuw  of  tho  urinnry  po«- 
•ago*.  Piulicles  of  ^itlie- 
lium,  in  gT«at«r  or  leuubuji- 
danoe,  ma/bed«tccl<!tl  in  mnKi 
snoipUtH  of  iiriDC,  esperially  if 
it  has  remaioed  at  real  fur 
some  time,  and  tko  lavrr 
Mrata  aro  thva  examined  (fig. 
129).  Aa  urino  oooLa,  tlie 
tniiciu  tnKimittiinri*  aeon  BUspondodiaita*  nduticntoopoquo 
(joud,  but  gflnoFallj  it  fall*.  In  inflammatory  air«<-liona  of 
the  uriuarj  paMagva,  enprciolly  of  tlie  bluddcr,  mucua  in 
Urgo  ijiuuititiiM  is  poured  forth,  and  spe«dil/  uod«rgot« 
decompocilioo.  The  pieaouoe  of  the  decompoung  muciu 
axeilH  (as  already  ntatad)  ckaraiical  diaogn*  in  tlie  urea, 
whcrrnliy  ainmottin,  or  fArboaaie  of  ammonia,  ia  formsd, 
wbicli,  oombiiuD);  wilh  thti  exceas  of  actd  in  the  tiupar* 
phoa|iluit(!«  in  tlie  urino,  proJucm  insolublo  neutral  or 
aUtolino  pho^hates  of  lime  uiid  magneeia,  and  phosphuto 
of  ammoniaand  mii^uHiit.  ThoM',  mixingwith  the  mucus, 
ooostitute  the  peculiar  white,  viscid,  monar-like  Bulwtunco 
which  rollMta  upon  the  mticouK  Kurfiu^o  of  the  bUddtr,  and 
u  often  pfMsed  vitb  the  urine,  forming  a  thick,  tcnocioua 
Bedini(>ut. 

Bnide*  mucus  and  colouring;  mutter,  iirin*  eontains  n 
OOfisiderablo  quaiuily  of  animiil  niiitler,  tunally  describod 
under  iho  ohu-unt  name  of  KriuAoI  fxtractire.     The  inreett- 
of   Liebig,  lloints,  and  others,  hara  shoim  thai 

*  Fi^  139.    Nqciu  JoiNNiiuij  froui  nriat. 
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some  of  this  iU-d«fined  rabstanco  coauibi  of  brtati* 
Crttitmm,  two  uiyiitallinble  Bubetancee  dctrivod,  proWify, 
from  tho  mntnmorphoms  of  tnuNcuIar  tinue.  Theso  nb- 
•tancM  appear  to  bo  intennediAto  botwren  the  jwopr 
elemente  of  tLa  muMJan,  and,  )>erliapa,  of  other  asolud 
taaauM  and  nraa :  tho  fint  prodiicta  of  the  diiuntegntiD{ 
tianua  probably  oonuatiitf  not  of  urea,  but  of  Croatin  u4 
CrMtinin,  whidi  aubaequanll}-  am  partly  reeolrod  into 
umi,  piirtly  duchnrgod,  vilbout  obang*.  ia  the  miae. 
The  namca  of  some  otiieir  Enib6taii<<as  of  vliich  thure  an 
oowiuouly  tnuio*  id  the  uriiic,  will  bo  fouud  ia  Tabb  IL, 
p.  451.  It  has  bMD  fttioiTD  by  Scb«Tor  that  niacli  of  tiu 
aubatanoe  claatMtd  im  i-xtractivo  matter  of  the  urioo,  is  th* 
paeuliar  colouring  tnnltor,  probably  dvri\'Qd  &um  tlu 
htemo-globiii  of  the  blood. 

Snliiu  Matttr. — The  Hulphurie  acid  ia  the  urine  ia 
bincd  c-lii<>dy  ox  entirely  with  aoda  and  potaah  ;  forming 
aalta  which  are  taken  in  Tery  small  quantity  with  the  food, 
aiid  uRt  itoiiTudy  found  in  other  fluids  (ir  tiasura  i>f  th* 
body ;  for  the  sulphates  oommonly  enumerated  among  tbs 
GouatituentH  of  tlm  aahea  of  tlio  tiasum  and  fluids  an^ 
the  most  part  or  ontirely,  pn»!ucod  by  tho  chaagoa 
talce  pUce  in  the  buming.  Dr.  Psrkes,  indeed, 
that  OTiIy  about  onc-tliirtl  of  th«  Hulpliurie  acid  found^ 
the  urine  ia  deTtved  directly  from  tlio  food.  II«iic«  die 
gnmtcr  part  <if  the  sulphuric  acid  which  the  sulphates  ia 
the  oiiae  contnin,  mu.->t  bit  formud  in  the  blood,  or  in  the 
aet  of  secretion  of  urine ;  the  sulphar  of  which  the  acid  t> 
lormed,  being  jirohahly  derived  from  the  decompoeiDg 
Bitrogenous  tissues,  the  other  elements  of  which  ore  le- 
BOlTsd  iuto  urea  and  uric  acid.  It  may  be  in  part  dcriitd 
also,  as  Dr.  I'orkes  observes,  tram  the  sulphur-holding 
taurin  and  cystiu  which  can  be  found  in  the  liver,  lungi^ 
and  other  parta  nf  the  body,  but  not  generally  in  tha 
excretions;  and  which,  therefore,  must  he  brokeoi  up.  The 
oxygen  is  supplied  through  the  lunge,  and  the  heat  gens- 
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(luring  oombinatJoin  nritli  tlm  Hulj)liur,  is  one  of  Ui« 
ato  meuu  bjr  which  tho  uumal  tompeiature  is 


B«ndN  tho  miliihiir  in  Uuiite  waits,  Mine  abd  ajtpnon  to 
iht  in  Iho  urine,  uncombinoil  nilb  oxj^n  ^  for  aSUtr  all  tho 
lao^aloa  liuvu  liMru  Kiuorei]  frum  uriui>,  ftuiphuriu  aoid 
'  nu^  bo  formed  hj  dicing  and  burning  it  with  uitro.  Mr. 
.  Bopalds  beliaves  that  from  throe  to  five  ^ains  of  sulphur 
i<an  thiM  dally  oxcratod.  Tho  coinbiiialtou  iii  whicli  it 
eziato  is  oertaiu ;  pomiblj  it  u  in  some  compound 
analogous  to  eystin  or  c;^^^''  oxidfl  (p.  462). 

Tho  pkctpkarie  iieid  in  tho  uricto  is  ccmilii:ibtl  portlj  with 
the  alkalies,  partly  with  tbo  alkiLlini!  oiirtbs — aboat  four  or 
Ctv  tinxui  as  niucli  with  the  furmer  aa  with  tho  lattvr.  In 
blood,  saliva,  and  other  allcidino  fluids  of  tho  body,  phoe- 
phalea  esi^  in  the  form  of  alkaline,  or  neutral  mtiA  aolta. 
lu  the  iiriue  tln-y  aro  acid  salu,  viz.,  tho  phosphati;9  of 
sodium,  ammonium,  cahdtim  and  magDeslnm,  tho  excoss 
uf  acid  boiug,  according  to  Liebif*.  due  to  the  appropriation 
of  tho  lUknli  with  whidi  tho  phospliorin  ncid  in  tho  blood 
is  combined,  by  the  several  Dew  acids  which  aio  formed  or 
discharged  at  tlic  kidneys,  namely,  tlm  uric,  hippuriu,  and 
tolphurio  acids,  all  of  wlilcb  ho  supposes  to  be  Doutroliacd 
with  soda. 

Tho  pr<!Mwico  of  Uwi  mud  phosphatea  acoounte,  in  greet 
ueosntro,  or,  according  to  I-i^big,  entirely,  for  th«  acidity 
of  the  tiriue.  The  phosphates  are  token  largely  in  both 
t^ngit^'t*  '^  animal  food ;  somo  thus  taken,  are  excreted 
:aioe:  otbws,  after  being  tranefonnod  and  iucor^ioratMl 
with  the  tiasuu.  Phosphato  of  calcium  forms  tho  principal 
earthy  constitu«nt  of  bono,  and  from  the  deoompoaition  of 
the  osseotu  lissuQ  ttie  urine  derivL-s  a  Inrgo  quantity  of  this 
mU.  Tha  decompositioQ  of  other  tissues  also,  but  eepe- 
cialtf  of  Uio  bruin  and  norv&-aubstanec,  furmsbes  laige 
sappUes  of  phosphorus  to  the  urine,  which  phosphorus  is 
supposed,  liku  the  sulphur,  to  be  united  with  oxygen,  and 
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&ett  «oni1>iii«d  with   Ijums. 
•fin.  1.101  • 


TOE  rnixt 


This  qiianti^  i*,  bciwtTff, 
lial>la  to  considerable  nti 
ntion.  An;  uttiltiu  i^xmavof 
the  mind,  and  all  riiGiiai- 
tttoDMS  pntduciD^  neswa 
«xh«uUon,  incroase  it  Dm 
earth;  phoopbAtes  are  mart 
ntiunduit  after  meaLi,  nitt- 
iher  on  animal  or  Tegetehl* 
fuud,  mid  ure  dimimaltedaAff 
long  SMtiag.  Tlie  alkaliiH 
phoapliat««  are  increuaedaSer 
noimnl  food,  diminiahnl  itUt 
VQgntalile  food.  l-^xcrcisQ  increases  the  alkaline,  but  act 
the  earth;  [thmpUatea  (Beitce  Jomm).  FhoKphorua  uocm- 
hloed  with  ox;gcn  ajipium,  like  lulphttr,  to  be  exacted  in 
tbanriiie  (KoDalds],  When  the  urine  undergoee  aDudiiM 
flBrmeotatinn,  ])lio!i])hatea  an  dcrpcmitod  in  tho  form  of  o 
ttrinary  teiliwuHt  oonnating  chiefl;  of  phosphate  of  antnuiU 
and  magiitisiu  (triple phoaphate)  (fig.  130).  This  componad 
does  DOtr  as  Buch,  codst  in  beitlth;  urine.  The  anunotuaii 
vhidl;  or  vholl;  derived  from  the  deoompottition  of  nitt 

{P-  4S3)' 

The  ckloriDO  of  tho  urino  occurs  chiefly  in  oomhuutua 

with    Hodium.    but   slightl;    alao    with    ammonium,   and, 

perhaps,  potiuwiuni.     As  .llio   <^h1urid<M    oxist    Largel;  ia 

food,  and  in  most  of  the  animid  fluids,  their  oocuirenc*  a 

the  urine  in  eaaHy  understood. 

Cjrstin  (lig.  J32)  in  un  occiunoual  maKtiluent  of  urine.  It 
neembles  tatirin  ia  contaltiiiig  a  largo  quanti^  of  sulphur- 
more  than  25  pur  cnnt.     It  docs  not  exist  in  health;  ninift. 

Another   common   morbid  constitiiotit   of  the  urine  ia 


*  I^g-  130.  ITriiiBry  ■nluni'ul  uf  triiilu  ptiotpluitn  {Uij*  ]itlaiatt 
cmt*2»)  and  nratn  of  unmouiLi,  (rwu  lu'ine  wfaieli  had  uaduytH 
Alluliiio  fcnooitstian. 
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oxnlio  acid,  vhi«h  ia  fr«<quentlir  do|>ontM)  ld  ootnbinaUon 
«*.  ni.*  Fiv.  IS»  + 


with  lime  (fig.  131)  as  an  urinAiy  Bedimi>at.  Like  cyrtin, 
but  munli  rooM  commoDly,  it  is  tlie  dticf  PotiittiliiODt  of 
certain  cnlcidi. 

A.  email  4[uant!tj  of  gaa  ia  oAturally  prenciit  in  th«  urine 
is  ■  atato  of  nolutiou.  It  couaisbi  cIucQf  of  corbooic  acid 
ud  nitTogm. 


CIIAITKR  XVI. 

TUK    XEKTOrS    RT«TKX. 


The  nervous  system  consists  of  two  portions  or  Ajstenu^ 
tlte  e»rthro-tpittal  and  tho  tympathttie  or  ganglioHte,  mch  of 
which  (though  they  hnvo  many  tilings  ia  common)  pos- 
sesses certain  peculinritios  in  structuro,  mode  of  action,  and 
rangv  of  inllueum. 

The  C4rtt>iyt-*piiial  rytitfm  include*  the  brsin  and  spicfll 
eoffd,  with  tho  oeires  [proceeding  from  them,  lutd  tho  rniTornl 
ganglia  »eat«d  upon  these  serves,  or  forming  part  of  th« 

*  rig-  >J1>    CrTvlaUofoxBlatoofliiiia. 
t  Fig.  131.     Crj««lj  of  rfiUa. 
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■dbrttLDOO  of  tba  brain.  It  vaa  deaominatod  hy  Bkldl 
tlw  iwrrwiA  qrstdm  of  animal  lifo;  and  iocliidee  all  the 
tiunoiu  organs  in  and  UuxiukIi  wlucb  are  porfbnaed  tfat 
scTvriU  ftiui-tiom  with  which  lli»  mini]  in  more  immediati^ 
oonnected,  nam«lj,  thoM  nJating  to  aooMitioi]  and  voliliii^ 
and  tho  mental  acta  «annecled  with  aensiUe  things. 

Tho  tymfalhttic  or  gaoflionie  portion  odf  tJto  nervous  ^ 
t«m,  whicli  Bichit  oamed  the  nervous  ^TStotn  of  orgam^ 
lifo,  coudidta  oaumtially  of  a  nbiun  of  giangUa  coniwctaj 
by  nervous  txxtdi,  wliich  cocMod  from  tho  cninitun  to  Hit 
pelvis,  along  each  aide  of  tho  vertebral  column,  and  tmx 
whjdi,  nvTTM  with  giugliii  [irocced  to  tliu  risoeta  in  tiks 
thoracic,  abdominnl,  and  pelvic  cavities.  By  itn  diMrilni- 
tiou,  08  well  na  by  its  peculiar  mode  of  aotiou,  this  syMm 
is  loss  immodiutely  coimectod  with  tho  mind,  uithur  a«  oon- 
ductiog  sensations  or  tho  impulsos  of  the  vrill ;  it  is  men 
cIoM-Jy  cDuiieuted  than  the  oerebro-spinal  nytttom  is  with 
the  procossos  of  organic  lifo. 

The  differences  however,  between  tlieao  two  sycloiD), 
are  not  ofKontinl :  their  iK-tions  differ  in  degree  and  objott 
mure  than  iu  kind  or  mode. 

EUnuiibiry  Strtu^turvi  of  lA«  i^'nroui  St/tUm, 

Tlie  organs  of  the  nervous  system  or  eystems  ai«  eoM- 

posed  ewwntinlly  of  two  kinds  of  structure,  Te«icu]ar  and 

librous :  both  of  which  appear  essential  lo  the  Donstnctian 

of    eveu    tlie    aimpltist    nervous    systom.       Tlio    vosicolsr 


*  Tlw  U-nn  «r^nic  ii  nfun  nnd  in  conncntinn  with  a  ftmotini 
■unli  iu>  digitctioa  or  (ocrttien,  itliioh  Ixlunp  to  all  orgsuued  Iitfaifgi 
•like  i  wliila  Ihn  tenn  itninui'  funt^lioii,  ur  mtimal  lifr,  u  nnd  in  «■• 
nuution  wlili  mcli  ijoalilSro  an  r'llitioii  or  motiou.  n-iiich  »t»m  si: 
ur  in  gniii  |«rt  tu  IwIdu^  oulj'toiuuuiiLlik  Tbo  tcmunliich  havs 
tlius  UBVii  iu  tliid  grueral  vay.  an  often  looadj  oppJlod  to  «)i«eld 
tisinvB.  Tliiu  iT^nif  DtTvc'fibrci  aro  thaw  which  arc  diMrilntsd 
cipecialljr  to  orpiu  conc<:nicd  hi  Iho  dixchuso  *>f  th«  nou-tian*  of 
ttryaaif,  ta  lUitingmiheil  from  anitaal  lifn ;  and  ths  tsra  is  still  m«« 
comsMQl;  affiled  to  ona  klad  of  tuiucular  Gbt*. 
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slruolaTe  is  iMiallyooIIi'ct^d  in  maaseA,  and  minglocl  vitli 
the  Sbtxius  •truntar»,  lu  in  tho  brata.  t^inal  cnrd,  luiil  the 
several  ganglis ;  and  those  maaa«s  oonetituta  what  ar« 
tunRud  nerre-eoitret,  being  tho  organs  iu  wliicb  it  is  sup- 
posed thut  ourvnun  forct:  may  ho  gaaonted,  nnil  in  whicli 
aie  acMmpUshed  all  th«  Torious  TeflecHoins  uud  other 
modes  of  dis]Hii(iug  of  iiui)rcaiiiou!i  n-heu  they  ore  not  simidj 
oodductcd  nloiig  norvc-fibr>^.  l'b<?  fibrous  ii«rve-«ubs(aiico, 
besides  entering  into  the  oonipoaition  of  the  nervous  ceutrce, 
forma  nlcine  tlie  nerret,  or  cords  of  commuDication,  which 
connect  t)io  vnrious  nervous  cantros.  and  an  distributed  in 
tlie  several  parts  of  the  body,  for  the  purpose  of  convej-ing 
n«rvou.i  fun'tt  to  them,  or  of  tiaumnittiug  to  tlie  nervous 
centres  tlm  ini]iniHionN  miiilo  by  »liuiiili. 

Along  the  nervo-fibrea  impresaions  or  conditions  of  ex- 
citement am  simply  couduct^xl :  in  the  nervous  c«ntn!ci  \l\ty 
may  bo  made  to  deviate  from  their  direct  course,  and  be 
variously  dilFosed,  rejected,  or  otherwise  dispooud  oL 


I 


Iffrve*  are  constructed  of  minute  fibres  or  tubules  fail  of 
nervous  matter,  arranged  in  parallel  or  iuturluciii^  bundles, 
whieh  bundle*  are  coonoc-tcd  by  intervening  connectivo 
tissue,  in  which  their  principal  blood-veaaela  ramify.  A 
Iftyer  of  tlio  areolar,  or  of  strong  filiroua  tisatio,  aluu  sur- 
rounds the  wliolo  nonin,  and  forms  a  sheath  or  neurilemma 
tor  it.  In  most  nerves,  two  kinds  of  fibres  are  mingled ; 
tboM  of  one  kind  being  most  numerntiB  in,  and  cbnrnt^- 
teriatio  of,  nerves  of  the  cerebrD^spinal  system ;  those 
o(  the  «lfaer,  most  numerous  in  uun-ea  of  the  sympatliotio 
sysUnn. 

Hw  fibres  of  the  first  kind  upjieur  to  roninst  of  tubulw 
of  a  poUucid  simple  membrane,  within  which  is  oontaiued 
the  proper  nerve  subatanoe,  ooDsasting  of  transparent  oil* 
like,  and  apparontly  homogmeons  material,  which  gives  U 
eadi  fibre  the  appearance  of  a  fine  glens  tube  filled  with 
a  dear  trurnqturunt  fluid  (fig.  133,  a).     This  aim pliciQr  of 

B  a 
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oompoeition  is,  however,  ooly  sppRroBt  in  tlM 
a  {Hsrfectlj  frosh  ufirre;  for,  diortlj  after  death. 
nndor^  ehangw  which  vuka  it  pmbaliln  thnt  tlidr  oai- 
tenta  &re  ooniposed  of  tiro  difEiarent  matcritds.  The  intend 
or  central  jiiirl,  occupj-io^  tha  axis  of  ttin  lube,  )]«eaBH 
grejrish,  while  the  outer,  or  cortical  portioo,  baraoM 
opaque  and  dinil;  granular  or  grmaona,  a»  if  from  a  laai 
of  ooagulation.  At  the  (tame  time,  the  fino  outUim  uf  At 
previouiljr  traiif^arent  cyliodricol  tulw  is  exchanged  for  t 
dark  douUe  contour  (&(;>  133,  a),  the  oul4>r  line  beiic 
forra^  hy  tlio  nhcoth  of  the  fibre,  the  iniinr  liy  tho  rnnpi 
of  curdled  or  coagulated  modtilliuy  mih»taiic«.     The  gm- 


^'■9.  I53-' 


nuW  mat«riiil  Hlwirtljr  roflem 
into  liltlu  nuuucff,  which.dirtvri 
portioDS  of  tho  tubular  bms- 
brane,  while  the  intnnaadirit 
•pace*  oollnpM,  giving  the  fifam 
R  Tariooso,  or  beaded  appuiina« 
(fig.  1 33  c  and  i>),  instead  of  tb 
pnmoiis  r^lindrical  form. 

The  difl««Dce  firtiducod  io  tht 
eonteots  of  (lie  nerve-fibres  vbn 
exposed  to  the  some  oonditioHi 
has,  with  other  fitrts,  led  to  tb« 
opinion  now  generallj-  adoptact 
that  the  central  part  or  lu^ 
cylindfr  of  ench  Degrv«-fil>r«!  difivn 
from  the  outer  portion.  Tlie 
outer  portion    is    uaually  called   the    medullaiy  or  «iiW 


•  KiK.  IS3-  Primitivo  n(.rv("tabulf*  Jt.  Ap*tfMtlj'frin)i'tu)iulB«)th 
.  •ii^l*  -lark  oniUnt  lu  A  lubuln  or  fibr*  with  s  douWe  amUnu  rinm 
ooiiitiifiniriK  [KoMnnrtDiu  chimgD.  a  ITis  clmagc*  further  B'ivund, 
T-tKclviciiis  n  TBrlfimw  or  Uitdod  apfwmntHi.  O.  A  tubule  «  flhi^  tha 
rcntnil  part  of  wliiah,  in  roiw#>|UM]os  of  (till  tm^Kt  ehtatgi^  h» 
aicuiniilalnl  ia  mponitD  pordoni  within  the  ihMtli  (after  Wagmr). 
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.  «f  Bdiiranii,  being  that  to  wlikh  the  peculiar 
fwHte  Upeet  of  COTi>l>r»-»piitnl  n*rvM  in  principally  duo. 
Tho  irholfl  contents  of  the  nffrre-tubules  appew;  to  be  ex- 
tremely soft,  f(>r  irU«i  )ii4)>J(kt|(h1  to  prcnnini  tUi'y  mndily 
pMs  from  one  part  of  the  tubular  sheath  to  another, 
(tnd  often  caiue  &  bulging  at  the  side  of  the  membrane. 
They  nliw  reodjly  vsoapo,  on  pressure,  irom  tli"  ex- 
tremities of  tho  tubule,  to  the  form  of  a  grumoiM  or 
granular  niatorial. 

That  then  is  an  easeotlal  differenoe  in  ohemicol  fom- 
position  between  the  central  and  drciiroferentiul  pnrtn  of 
the  nerre-ilbre,  i,*.,  between  the  axU-cjrlindor  and  tho 
medullary  Htmiitii,  hns  of  liitc  been  dearly  abown  by  Messn. 
Lister  and  Tumor.  Their  obsorrationa,  founded  on  Mr. 
Lookhart  Clarke's  method  of  invceti^ting  nervous  sub- 
ataiicn  by  meuns  of  dtnituiii  add  and  cariuino,  have  shown 
that  the  axis-cylinder  of  the  ncrvivlibro  i*  unaifiwtcl  by 
chromii?  acid,  but  imbibea  oarmine  with  great  facility, 
whilf  i\uf  mnlullnry  sliimth  la  rondnrod  opaque  and  brown 
nnd  laniiaated  by  chromic  acid,  but  is  entirely  untingiti] 
by  the  domiiuo.  From  this  differenoe  in  tlieir  chemical 
bchariour,  tho  oontritl  and  circnmferontiij  portions  of 
the  nerve-Gbrea  are  readily  distinguished  on  microtcopic 
oxiiniination,  tho  former  being  iudic^uled  by  a  brtghi  rod 
cannine-colourod  point,  the  lattor  by  a.  pale  ring  siimiimd- 
iag  it.  Tlio  laminated  character  of  tho  medullary  sheath 
after  treatment  with  chromic  noid  is  believed  by  Mr. 
Loi-khart  Clarke  lo  be  due  to  corrugations  efiectod  by 
the  acid,  and  not  to  it«  haTing  u  fibrous  stmoture,  aa  main* 
tained  by  StiUiog. 

The  size  of  tlie  nerve-Cbres  varies,  and  tlie  same  fibre* 
do  not  prewTvo  tho  samo  dinmr^er  through  thoir  wh<)lo 
lengtli,  being  largest  in  their  course  within  the  trunks 
and  bnuiclies  of  tb«  nerves,  in  which  tho  majority  measure 
from  TiW  to  Wttj  of  1°  inch  in  diamctor.  A»  they  «p- 
procuih  the  brain  or  spinal   cord,  and  generally  also  iu 
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tha  tenea  ta  whiai  tiier  an  du>trib«d«d,  they  gniJiu% 
beeoBM  MBaUer.  la  tlia  gny  or  Teaicnlar  milwlaiue  (f 
the  bwin  <»  ^aal  cord,  tlwy  gananlly  do  not  mtmm* 

inoralhAD&aiBTTiTT^TTnTOfw  "■■^ 

Tb»fiI>rMortiwaooondkIiid(fis.  134),  whidi  cnoiliWe 
tbe  vhole  of  the  bnutbee  of  tli«  olfactoiy  nerre*,  th«  pra- 
dpU  put  of  tho  tnmk  niul  bnuchea  of  tho  njmpaUulic 
DcrvM,  and  sn  mtnglMl  in  raruMia  proportions  in  tLt 
cerelno-iifinBl  nKires,  diflier  bom  tho  praoMlin^,  diietf  id 
their  fiBHteaa,  being  onlj  about  ^  or  }■  u  Urg»  in  tlicir 
courae  vrillun  Iha  tninlu  aai  hrtauhm  of  tbe  nervea;  it 


Hi4>  nboeooe  of  the  double  contour ;  in  tbalr  oonl«nt»  beitf 
appan-'utly  uaifunu ;  aud  iu  tlieir  harin^,  trhpn  in  bundlMi 
a  jrrJ]ovi«h-gre}'  liuo  instead  of  the  whiteness  of  lln 
canbro-q^inal  nerves.  Tbeee  peculiaritiee  moko  it  pn^ 
babla  that  thcj  differ  from  thn  other  ncrr^fibres  in 
pcawaiLng  the  outer  bi^r  of  white  or  medullu; 
Bubatance ;  and  that  thfitr  contesta  are  composed  ezdnsTdr 


*  Fig.    134.   Grej.  pale,  or  gslatiiiaiu  iwrT»-&bra«   ffrom  Xaj 
SdinltM),  maguifietl  between  400  »ti<l  (00  duBMtwa.      A.  bvm 
bnneh  «tf  the  olbctory  nerro  at  tbo  ihcrp ;  a,  a,  two  lUik-boidtnt  I 
or  vhltt  ftbm  from  tho  fifth  fuir,  aiiocUtcd  wilL  lli«  [ala  dtetMJj 
fibrta.    It.  I'ron  Um  >7inpath*lle  &«rr«. 
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'  th«  euli^tance  corresponding  with  the  rontrnl  portion,  or 
I  axisH-jlindiir  of  tliu  Inrj^nr  tiliras.  Y<-t  si&cc  many  nerre- 
fiUrrs  miiy  bo  found  which  appoiir  inlmnmUfito  in  cliarttctor 
between  UieM  two  kinds,  aiid  eitice  the  large  fibres,  as 
tbey  approncli  both  their  umtrtil  and  tholr  pcriphi'ml  erid, 
grodunllT  dimiiusk  In  size,  and  nMumo  mnny  of  th«  other 
cliaractere  of  the  fino  tibrE«  of  the  sympathetic  system,  it 
i«  not  afi-i^tefaty  to  mppoM  that  tli«ni  muat  he  ft  nuiterial 
diiferenra  in  the  office  or  mode  of  action  of  the  two  kinds 
of  fibrva. 

Ewry  nerve-fibro  in  its  course  proceeds  uninterruptedly 
I  &om  ita  origin  ut  a  oeirvoua  cautre  to  near  iU  drntiuiliou. 


iV-  "35." 


I   whether  tliis  bo  the  periphery  of  the  body,  another  nervous 
OSBlre,  or  tho  same  centre  w!ieuc>u  it  iiuued. 


•  Fig.  135.  SmiJ!  hronch  of  «  mintmlar  nerve  of  thr  ft"^  new  lU 
turminitlon,  ihowinx  iliviainn^  of  tho  llbrci.  a,  intu  two  ;  b,  Into 
three  ;  ma^ilied  3J0  (tiamrtrri  (Uoat  Kullikcr). 
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Btmdiea,  or  foacicuU  of  fibno,  ran  together  in  the  Derm 
but  mercljr  lio  io  apponitioD  with  «>a(;k  utlinr ;  they  do  bbI 
unite :  eren  vbea  the  fawicnli  anaslomo«o,  tlieio  b  at 
union  of  fihn*,  but  oulj  an  interchan'jt  of  fibree  betvM 
tho  oDiwlninotiijig  rtwciculi.  Although  vncb  nBiT(»-fibn  b 
thus  tiingle  and  undinded  through  nearly  ila  whole  ooan^ 
yet  an  it  ajiproaotica  the  tfgion  iu  which  it  teiminaMii 
iiidividunl  fibrm  br«ak  up  into  cereiwl  8ubdivisioDs(fg. 
135!  before  their  final  ending  in  the  different  fiuhioM 
to  be  itnmMltiittiljr  dotMTibod.  Tho  white  or  mtdaUokii 
ncrv«- fibres  (fig.  1 33),  moreover,  lom  th«ir  meduUarjr  iliMlk 
or  nbite  subHtAuoe  of  S<hwauD  before  th«ir  final  dialnba- 
tioD,  and  ai^iiirw  tho  chanctcn  more  <>r  Ion  of  the  pala  s 
grcjf  fibree  (flg.  134). 

At  oertain  parts  of  their  ooorae,  nerrea  form  plexma,  a 
wliic'h  thcf  annstomoBe  with  each  oth«T,  and  inter<:iiaDge 
fasciculi,  as  in  the  uaso  of  the  brachial  and  lumbar  plexusH. 
Tlie  objt.t,'t  of  audi  iDti'nhiuigo  of  fibroa  is,  probably,  t* 
give  to  each  nerve  passing  off  from  the  plexus,  a  wider 
connection  T^-ith  the  eptaitl  iMird  tlian  it  would  have  if  il 
pruveeili'd  to  its  dostiuution  without  such  oommunicaliM 
with  other  nerves.  Thus,  esich  nerve  by  the  widenoM  of 
its  connectiuQS,  is  Ivnn  dejicitiluiit  011  the  integrity  of  aaj 
single  portion,  whrthorof  uprvivcentT©  or  of  nerve-tninli, 
from  which  it  may  spring.  By  tJiis  moans,  also,  each  part 
supplied  from  a  plexus  bn«  wider  relations  with  tbs 
nerve-centres,  and  more  extensive  sympatluoa ;  and,  (7 
tneans  of  tlie  Bame  arraiigeiiieut,  as  Dr.  Gull  svggMt, 
{^TODps  of  muscles  may  bo  associated  for  combined  actioot; 
ereiy  member  of  the  group  receiving  motor  Oliunonts  fitvm 
the  same  piu'ts  of  the  uorve-ceutre. 

Tlie  (^17)1  i«ii  (ion)  of  nerve-fibres  are  th«ir  modat 
of  distribution  and  connection  in  tho  nerv^-eentres, 
and  iu  the  parts  which  they  supply:  the  formor  ar« 
I'nllcd  theii  crtiiiW,  the  latter  their  pfrijAtrat  termi- 
nations. 


PACIKIAN  BODIES. 
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The  periphfral  tenninattcai  of  nerve-libtee  lias  been 
tilwiiJK  tliH  Mitiject  of  coiisidcniL>le  dUuuwicA  kuJ  iloubt. 
Xhe  foUowing  appear  to  be  tlie  cluef  modee  of  oadisg  of 
narre-fibrea  in  tlie  porta  thsy  supiily  :— 

1.  In  fiao  DOtworka  or  pUotUKoa;  exnmples  of  Oii«  nut 
ibund  in  the  distribution  of  nerves  in  muscles,  und  in 
mueooa  and  seroiu  membranea.  2.  In  epedal  teriuinal 
mguu,  cuUod  toMiA-coTpiuc/iw  (lig.  1 13),  tiidhulia  (fig.  1 14), 
ailiPacmMntoditi{6B^  136,137).  3.Ini'olls;  as  in  thoeye 
Dad  int^riuJ  ear,  and  some  other  parts.  4.  In  free  i-ndi ; 
as  from  tlio  fine  plexuses  >n  inuedu,  oocordiug  to  Ki>llikcr. 
5.  Id  mu»cle>((,  a  peculiar  tenniaation  of  nerveJi  in  amall 
bodica  cuUod  molorial  enil-plaUs,  has  been  de«L'rib<Hl  b^ 
Kouget  and  oth«n.  TIkimi  nmidl  bodiL**,  Toniiig  from 
yJsTt  ^  tIs  of  an  inch  in  diatnotcr,  and  ploood  bj-  ditferent 
obsorven  oiilHidv  uiid  inaide  the  saicoleinina,  tan  fixed  to 
the  muMular  fibres,  ono  for  each,  and  to  them  the  ex- 
tremity of  a  minute  branch  of  uerve-£bre  is  attached. 
TboMi  little  pltittiw  appear  to  be  formed  of  au  expannioii  of 
the  end  of  a  nonro-fibru  with  a  small  quantity  of  con* 
uecti^-e  liwue. 

Tho  PATiiiian  bodies  or  corjiiisdes  (fign.  136  anil  137),  to 
nhivh reference  has  been  just  mode,  are  little  elongaled oval 
bodie*,  tdtuated  on  some  of  the  cerehro-spinol  and  nymjw- 
tliotic  iicrrcti,  cspeciall}'  the  cutanL-ous  nerves  of  tho  bnnda 
und  feet ;  and  on  branciies  of  the  large  sj'mpathetic  plexus 
ftbout  Uie  abdomioal  aorta  (KulUker).  Thejr  often  occur 
also  on  the  nerves  of  the  meeenteiy,  and  are  ospeciolly 
tvell  seen  in  tlie  mesentery  of  the  eat.  They  are  named 
I'aciiiian,  aiW  their  discoverer  Pacini.  Euoh  i'ori)uscle  is 
attached  by  a  narrow  pedicle  to  tlie  nerve  on  which  it  is 
aituated;  it  is  formed  of  several  concentric  layen  of  fine 
mombraiio,  witli  iutorvening  spaces  coulaitiing  fluid; 
through  its  pedicle  passes  a  single  nervo-hbre,  which, 
after  travemiiig  the  several  cuuceutric  layers  and  their 
immediate  spaces,  eaUra  a  central  cavity,  and,  gradually 
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loung  its  <WV  bonder,  and  Twcoitunpr  gmaller,  ti 
at  or  near  iho  disUil  mid  of  llw  cavity,  io  b.  kDo\>-'Ba 
enlargomrait,  or  in  a  bifurration.  The  eDli»i?!enj.:nI  (COr 
maaly  found  ftt  tho  mid  of  the  flbro,  i«  e»id  by  Padiu  » 
r««anl)l«  a  gangliou-corpusjle ;  but  this  observiUion  b« 

/.(.  136.*  f'f-  '3T  + 


not  htmi  Minfinncd.     Tho  phpiological  import  of  thwr 
bodies  aevniH  to  ho  «lill  quit^  obsctirtt. 

The  eealral  termination  of  nerve-fihres  cnn  ho  hettcr 
ooDBicIereil  after  the  account  of  the  T(«icular  aem' 
Kuhetanve. 

*  Rfi.  136,  Eitrsmicio  of  «  nnrre  of  the  fingrr  with  Fmiuiuii  vn- 
iniacka  UUcLeJ.  about  tli«  oatunl  mm  (adifilrd  rnxu  IIcbU  did 
Ei.llll«-t). 

'*' ^'^-  IJ?'  A  mii(n>''''JTiRicof  anngio  FuriniuiMTiiniclie,  ihnnnR 
it*  lHtuiijnl«d  ttructuto,  nitd  Utc  ttrmtiutkiii  at  tho  nerf*^!bn  in  ii» 
cant»l  cavitj  (after  Bondx]. 


STRCCTUEE  OF  KERVE-CESTllES. 


The  nsindfir  dctvous  anbstAiice  crmtaiiis,  as  ita  name 
implies,  r<ticle*  or  corpUKcU*,  in  addition  to  fibres  ;  aud  it 
structtini,  thiis  conipoaed  of  corpuncluH  niid  intt^r-communi- 
eating  fibivs,  umnlly  nomxtitiites  n  tifrve-iremlrt :  the  chief 
atrre-centres  being  the  grej  matter  of  the  bruiu  anit 
spinal  ovrd,  and  tha  Tarioua  no-railed  ganglia.  In  the 
loain  and  spinal  cord  a  fine  stroma  of  retiform  tissue 
colled  tlie  neuroglia  extends  throughout  both  tho  fibrous 

Pit.  138.*  Fig.  i3»t 


nd  VM^ctdar  nerrous  eubstauce, 
and  form*  a  iiu)iporting  and 
inTVoliug  frame-work  for  tlie 
whole. 

The  nerre-eori»urUi,  which 
giro  to  tliu  giuiglia  and  to 
certain  parte  of  tlio  bruin 
aud    *pinikl  00 rd    the  peculiar 

grejrLsh  or  reil<lisli-grpj'  aspiXTt  by  which  these  parts  are 
fibaraoterized,  nre  Inrgo,  nurlcnlod  cells,  filled  vitli  n  finely 
jgtanular  material,  some  of  whioh  b  often  dark  like  pig- 


*  Fifr  138-  HarTA-corpiudoii  from  a  jcnnslion  (oTter  Tolcntial.  In 
ens  •  Mwoiiii  nnckDs  )•  vlilMa.  lu  tovtrid  t]i«  nui:Uuii  coiiUin*oiit  or 
t«t>  nudcoli. 

t  V^fr  *lfi-  Sttllitf  or  cauilal*  iimvc(>rT>u»c'1('».  irith  tubular  pro- 
MsM*  ianiing  from  llicm.  Bi»i(Ini  bring  Tilled  Kith  gnuiiilu'  ujalvriiil 
continnotu  with  iho  ontcnti  «f  tlic  procuici,  the  corpiudu  contnin 
blade  plgnicnt-mnllcr  [nflcr  Ilauiovcr). 
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DMot :  tho  QudeuM,  which  U  veeiculnr,  oontaloa  a  nodMhi 
(fig.  138).  fieddee  Tuyiug  much  in  slu^n,  pftrtlj  m 
conaoquence  of  toutuBl  premire,  thtiy  present  anch  odx 
-  Tftri«tiM  M  moke  it  probable  eilfaer  that  there  are  In 
difierent  Idndfl,  or  that,  ia  tlie  atag«B  of  their  derdopHWiL 
Uujy  piULi  through  very  differant  forms.  Some  of  tliera  m 
small,  gvnerallj-  8i>herical  or  ovoid,  and  have  a  rtgnln 
uuinteiTupted  outliim  (fig.  138).  Thcue  simpU  aem'i^^ 
jiiuhJch  an  CKwt  numerous  in  the  f^-mxnitlietM!  gsn|l^^| 
Others,  vhich  tav  called  cutuiaU  or  tUUat«  tt*rtv-etirput(U 
(fig;.  139),  aro  larger,  tiud  havo  aD«,  tvo,  or  more  long 
procoaeoa  issuing  from  them,  the  colls  being  called  ittj^ 
tiWj  tinipatar,  bipolar.  Or  tnuUipular :  whioh  prooessss  oAm 
divide  luid  oubdividn,  and  iip|ionr  tubular,  and  filled  Tllh 
tho  same  kind  of  granular  material  (hat  ia  contaiciod  wtthio 
tha  Gorjiusde.  Of  iheee  prooesaes  tome  appear  to  tap«f  to 
a  point  tuid  tcmiinittv  at  n  greater  or  luaa  distaitoe  ftoa 
the  corpuscle;  eome  appear  to  anafitomo«e  with  aimiki 
offscta  from  othor  corpuwles ;  while  othvrs  aro  bdiered  M 
become  continuous  vitli  nerve-fibr&%  the  proIongatJoo  froB 
the  cell  hy  degrees  aftaituung  the  cliarocten  of  the  oerrs- 
fibro  with  which  it  is  continuous. 


'Fanetiona  of  Hene-FihTti, 


The  oIGce  of  the  nerves  as  simple  oonvoyors  or  cOQ* 
ductors  of  nervous  imprcssioua  ia  of  a  two-fold  land. 
First,  they  serve  to  convey  to  the  nervous  centres  tht 
impressions  mndo  upon  their  peripheral  extreniities,  or 
portit  of  their  course.  Sccondl}',  they  scrro  to  tnumut 
impressions  from  the  brain  and  other  nervous  centna  to 
the  parts  to  which  the  nervua  ure  distributed. 

For  ihia  two-fold  otBco  of  tho  nerves,  two  distinct  sots  tA 
nen,'o-fibre«  are  provided,  in  both  tho  cerebro-spiital  and 
iQ-mpathetio   qrstems.      Those  which   oonvey  impieniau 
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from  the  penpli«i7  to  the  oeiitre  ai«  daMed  tog^er  u 
cMUri/wfui  or  afffTtnt  ncrvea.  Thoae  fibree,  od  the  othflr 
hand,  which  aro  employed  (o  tniunnit  <«Dtnl  impulses 
to    Uio    puriphcry    luxi    cliu«cd    as   cmtrijuyal   or   efftrmt 

■HITM. 

Centripetal  or  BfliiTOiit  ncrm-fibr««  mair  {a)  conre;  to 
tho  ii<trro-c«ntros  with  which  they  are  connected  impnw- 
aiotLi  which  will  give  rise  to  smtaticn  {tttuitirt  nerrea),  or 
{h)  thtty  maj  convey  lui  improMion  which  tiuTulit  out  ng&in 
from  tlio  nerro-centro  by  an  efferent  nerve-fibre,  and  pro- 
duces some  effect  where  the  latter  is  distributed,  (see 
&<KtioQ  on  lirjlcx  Action),  or  [e)  thoy  may  coovoy  lUi  ira- 
pnwnoa  which  will  produce  a  reetraining  or  inhAitory 
BCtioD  in  the  nerre-ceutn,  (inAibitinjr  oerriMi,  p.  131 ). 

Ontrifugal  or  efferent  Derves  may  be  (a)  for  tb«  con- 
vqrance  of  iupulaes  to  tho  voluntary  and  involuotaiy 
atudee,  (motor  nerrea,)  or  {b)  they  may  Influonoe  nutrition 
{trophic  nerru!i),  (p,  388,)  or  (c)  t}iey  ciay  inlluitnM  uecre* 
tioD  (sometimes  colled  tecrttonj  nerves]  (p.  409). 

Willi  this  diffarenoe  in  tho  fusotiotia  of  nerves,  there  la 
no  apparent  diSarenoo  in  tlie  structun  of  tlio  ncrvo>fibn« 
by  which  it  might  bo  esplaiood.  Among  the  oerebro- 
epiual  nerved,  ihv  hlirea  of  tlie  optio  and  auditory  nervea 
ano  tiiior  than  those  of  the  norvM  of  common  ncnmitioii ; 
but,  with  these  exceptions,  no  centripetal  fibres  can  be  dis- 
ttn^iiiahed  in  their  microscopic  or  genend  charavtora  from 
those  of  centrifugal  norvce, 

Nerva-fibrea  possess  no  power  of  generating  force  in 
therafielvea,  or  of  originating  inipuliies  to  aciioo :  fbr  the 
maiiifcntation  of  th«ir  peciiliur  endowments  they  rvquiro 
to  be  stimulated.  They  poseeea  a  certaiu  property  of  con- 
ducting impretuuuua,  a  projierty  which  hiu  bouu  named 
excitabili^ ;  but  this  is  never  manifeeted  till  some  etimuiua 
i«  applied.  TUuh,  uudirr  urdiuivr]-  circuniiitanoes,  nerves  of 
aenaatioa  are  stimulated  by  oxtomol  objects  acting  npoo 
iheix  extremilies;  and  nervea  of  motion  by  the  will,  at 
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by  aome  force  i^eoerated  la  Ibe  nervous  oentrm.  Btrt 
almo«t  all  thing*  tluit  ma  <liAur1i  thn  nnrreit  from  Ifccir 
pMUve  state  net  u  Btimuli,  uid  ftgeots  the  moKt  (tunnnUi 
produce  th«  Bam«  kind,  though  not  the  Bam«  degm  rf 
effect,  because  tb&t  od  which  titcy  net  iwaoeoaoa  but  «H 
kind  of  oxcitnblft  force.  ThuK  all  stimuli— chcokiL 
mechanical,  and  eleolrio, — when  ajijiUed  to  parte  endoml 
with  Mtuatioii,  or  to  Miasitive  n«mrM  (tho  nuiiitnotioo  o(&a 
latter  wiUi  the  hrom  and  spinal  oord  beinf;  unu^jored)  [m- 
dooe  aeoaatioDS ;  and  when  apiJied  to  the  ncrres  of  moKlM 
excite  (-uiitritctions.  Muaciilar  cootraction  is  proJiwed  Iw 
Htich  stimuli  aa  well  when  the  motor  nerve  is  still  in  roo- 
neetioQ  wJlh  Hut  bmiu,  u  wIiitd  ibi  coramunication  wilhlha 
iiervouH  Mntres  is  cut  off  b]*  dividing  it ;  nerves,  therelbrr, 
have,  by  virtue  of  their  excitability,  the  property  of  exciting; 
oontructiona  in  rauaclM  to  vtiich  tlivy  an;  diHtribntMl ;  anil 
the  part  of  the  divided  motor  nerve  which  is  oonnecttd 
irilh  the  inuKcJa  will  ntill  miuio  tliia  power,  howwar  laaA 
we  may  ciittiul  it. 

Mechanical  irritation,  when  so  violent  as  to  injnre  tiw 
b^xturo  of  the  primitiro  nerve- fihrra,  deprivuit  the  cODtii- 
petal  nerves  of  their  power  of  producing  sensatioDs  who 
irritation  in  agnin  appliiul  at  a  [luiiit  mure  distant  &om  the 
hmin  than  the  injured  spot;  and  in  the  anme  wa/,  no 
initation  of  a  motor  uerve  will  exdte  oontraction  of  th* 
muNcln  to  which  it  is  distributed,  if  the  w^rvo  has  hcen 
oompresaed  and  bruised  between  the  point  of  irritation  and 
the  musole ;  Uie  vffoct  of  audi  an  injury  bGtog  the  aame  as 
that  of  dirieioD. 

The  notion  of  nervea  is  abo  excited  by  tempemiure.  Thus, 
wh<Mi  hpnt  is  applied  to  thp  nervp  going  to  a  musulo,  or  to 
the  musile  itself,  contractions  are  produced.  Them  con- 
tractions are  veiy  violent  when  tlie  llame  of  a  candle  is 
applied  to  the  nerve,  while  less  e1evat(?d  <lcgr<]«8  of  heat, 
— Ibt  exauiple,  that  of  a  pi(«;o  of  iron  merely  wanned, — 
do  not  irritate  suihcioutly  to  exclto  action  of  the  mu«i:lcs. 
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MTJt^icntiou  of  cold  Iim  the  sanio  effect  u  tluit  of  hoat. 
The  ofiWt  of  Uie  local  action  of  «xce(iHiv«  or  lonf^-coDtinued 
0(^  or  linut  oa  tlw  ocrvr'jt  U  the  same  as  that  of  dratru^iTO 
mochnnical  irritatioo.  The  seDaitive  and  motor  power  ia 
the  pari  la  destroyed,  but  tlie  other  parts  of  tlie  mem  ntais 
ibejr  cxcitiiliilitjr ;  and,  uftiir  the  extreiuity  of  a  dmd«it 
iMjrre  goiog  to  a  muscle  has  been  burnt,  contractioDa  of 
the  miiM'le  may  be  excited  by  irrilatiu^  the  uervo  bdow 
tbo  burnt  part. 

Chtmical  Stimuli  excite  the  action  of  both  afferent  and 
«(tVveDt  nirrves  as  mrcliniiicul  irrttitnta  do ;  prtividitd  thi^r 
effect  is  not  eo  atroiig  as  to  destroy  the  strurtiire  of  the 
iHrT«  to  vhich  tliuy  ore  applied.  A  like  mamfestalian  of 
oorrous  power  is  produced  by  tUctricUi/  and  by  magnttiim. 


Some  of  thc-w  laws  rcgiilnting  the  oxciUibility  of  nuiToa, 
Ksd  their  power  of  mantfefttiiig  their  l\iDctton«,  [  require 
furtht^r  notice,  witli  several  otlii-rs  wliieU  have  not  yet  Imen 
alluded  to.  Certain  of  tint  lawn  imd  cutiditiauH  of  iu;Uoiis 
rdato  to  nerves  both  centrifugal  and  c^^intripetol,  being  do- 
pendent  on  properties  common  to  all  nerve-libres ;  while 
of  uthnr*.  some  are  peculiar  to  uervee  of  motiou,  nomu  to 
nerres  of  sensation. 

It  in  a  law  of  a<-tion  in  all  nerve-fibres,  and  oorreepondB 
with  the  continuity  and  simplirity  of  their  coursw,  that  uii 
imprcauon  made  ou  any  fibre,  is  airaply  and  uninti^rruptodly 
traniimitted  along  it,  witliout  being  iiupartod  or  diffused  to 
any  of  the  fibres  lying  near  it.  In  other  words,  ail  niTvo- 
fibres  are  mere  conilucivrt  of  impressions.  Their  lulaplotioa 
to  this  purpose  is,  [)erliaps,  due  to  the  contents  of  each 
fibre  being  completely  Lsohited  frooi  those  of  a^j*'^''^ 
fibres  by  the  membrane  or  bheatlt  in  whifUieuch  iaoncLoacd, 
and  which  acta,  it  may  bo  supposed,  just  as  silk,  or  other 
noQ-conductora  of  electricity  do,  wliieli,  when  i^vuriiig  a 
wire,  prevent  the  ele<:tric  loudilion  of  the  wire  fcoui  beixig 
oonductod  into  the  eurrouuding  mediuui. 
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Nerrima&nwtniTiJsalonjiiorve-fihrrsirilh 
velocity.  Hdmholtx  a&d  fi«xt  have  eatinuited  tha  O' 
nto  of  conduction  of  t^cctriool  improaoiotu  in  hunuanuMl 
uerveaat  III  foot  pac  aeoood:  this  roeult  sprcein^  r&j 
dooel;  vith  that  previoutly  obtained  by  Ilirocb.  Dt 
Kuthurford's  olwBrvatioiM  agruo  with  tfaoM  of  Von  WinjA, 
that  tho  ntto  of  transmusion  to  Benaor;  nerves  is  shoul  141) 
&ut  jiur  Micoiid. 

NoTTo-fibnNi  cODTCjr  only  on«  liini]  of  impreesioii.  Ttw, 
a  motor  fibre  ooovejs  only  nMXtor  impolses,  that  is,  miii  m 
may  produce  moToments  in  cantra<!tile  ports :  a  eMuntm 
fibra  tnuwmits  000a  but  such  ui  mnj*  produoe  seiuAtiaii,  if 
they  nre  propagated  to  the  brain.  Moreoror,  the  fibr*«  cf 
a  nervo  of  spoi'inl  eeniw,  lis  tho  optic  or  audttoiy,  com^ 
only  aut'h  impreaeiona  as  may  produce  a  p&RuUar  MUMtiei, 
t.ff.,  that  of  U^ht  or  soiinil.  ^\1iil(i  tho  rays  of  liplit  aid 
the  EiODorous  vibrations  of  the  air,  are  ^Hthout  influence  as 
the  nerves  of  common  eeju^ation,  the  othin-  stimuli,  whidi 
nay  produce  pain  when  uppliml  lo  tliom,  produce,  vkoi 
applied  to  tliceo  ncrvi>s  of  special  eoose,  only  morlitd 
tions  of  light,  or  aoimd,  or  taste,  according  to  the 
imprsMod. 


Of  the  lava  of  action  peculiar  to  nervoa  of  SMtaation  and 
of  motion  rcGpectirply,  mniiy  can  be  ascertained  only  hj 
experiments  on  the  toots  of  the  nerves.  For  it  ia  only  st 
their  origin  thiit  tlie  nerves  of  ocnsntion  and  of  motion  an 
diHtiiict;  their  filaments,  shortly  after  their  departare  fnm 
the  nervous  oenlres,  are  min^li^d  together,  so  that  tt*t^ 
all  nerves,  except  thoee  of  tho  itpocial  eensea,  oonaiat  of 
hoth  sensitive  and  motor  filsmente,  and  iiro  beooe  tenoed 
mixed  neiTes. 

Nerves  of  sfiiMtion  appear  aUe  to  convey  impr 
only  from  the  parts  io  which  they  are  distiributed,  toi 
the  nerve-centre  &om  which  they  arise,  or  to  irhich  tli^ 
lend.     Thus,  when  a  sensitive  nerve  is  divided,  and  irrits- 
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Ftion  is  applied  to  the  cud  of  the  laoximal  portion,  i.e.,  of 
lllie  portion  still  connected  witli  the  BervDUH  <WDt»,  Mnsa- 
jtton  in  pi-rvuivml,  or  n  ndex  notion  ODsnes;  but,  when  tho 
[«ad  of  the  dtalal  jiortion  of  the  divided  nerve  is  irritated, 
[  no  effect  appciin. 

When  an  irapnsxion  is  mode  upon  anyport  of  the  course 
f  of  a  MDHitire  nerve,  the  mind  may  perceive  it  oa  if  it  were 
itDado  not  only  upon  tho  jvoint  to  which  tlM^  ntiniiiliis  in  ap- 
^plied,  but  also  upon  all  the  points  in  which  the  fibres  of  the 
in-itattsl  ncrvB  urn  distrilmteJ :  in  other  words,  tliu  effect 
is  the  tamo  ns  if  the  irritatiott  were  applied  to  the  ports 
supplied  hy  the  hranohee  of  the  nerre.  When  the  whole 
trunk  of  thf!  iinrre  i»  irritatiid,  tho  NODflation  in  ft^It  at  all 
the  parts  which  receive  branches  from  it ;  but  when  only 
,  indivtdnal  portion.-i  of  the  trunk  are  irritated,  the  tiCDfuitHxn 
is  porooired  at  ihoeo  parts  only  which  are  suppliod  by  the 
several  jiortions.  Thiis,  we  if  compress  the  ulnar  uftrrc 
where  it  lin«  at  tlie  inner  sitlw  of  the  ellxiw-joint,  ))ohind 
the  internal  condyle,  we  hove  the  eoosntion  of  "  pins  and 
needles,"  or  of  a  nbock,  in  the  parts  to  which  its  fibn-s  an> 
diHtribiitod,  nnmoly,  in  tlie  pnlm  and  bade  of  the  hand, 
and  in  tho  fiflh  and  uhiar  half  of  tho  fourth  finger.  \\'heii 
stronger  jircMure  is  made,  the  sensations  are  felt  lu  tbo 
fore-arm  also ;  and  if  the  mode  tuid  direction  of  the  pres* 
Hure  be  varied,  the  sen§ation  is  felt  by  turns  in  the  fourtli 
finger,  in  the  fifth,  and  in  the  pidm  of  tlie  liaiid,  or  in  the 
back  of  the  hand,  nc<?ording  as  different  filireti  or  fasciculi 
of  Gbnvi  arc  mora  proMOd  iipim  than  others. 

It  is  in  nccordanoe  with  this  law,  tluit  when  pnrts  W6 
dqirived  of  nonubility  by  compression  or  diviwon  of  tho 
nervo  mipplying  them,  irritation  of  the  portion  of  tlii!  nerve 
connected  with  tho  brain  still  oxrlt"'i!  st^datiims  which  are 
felt  as  if  derived  from  the  parts  to  which  the  peripheral 
extremities  of  the  nerve  -  fibres  are  distributed.  I'hus, 
there  are  cases  of  paralysis  in  which  the  limbs  are  totally 
iDaoiuiblo  to  cxtumol  stimuli,  yet  are  the  seat  of  moct 
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Tiolcot  pun,  TOaltiiig  ^psrgnU;  ft<ain  irritAda 
•ound  put  oC  (be  trunk  of  the  nerve  etUI  in  oonikedM 
vitb  tbo  braja,  or  from  irritation  of  tfaoae  parts  of  lb 
iwrroiu  centra  from  whkh  tbo  Mnsitive  nem  or  amm 
vlikb  Kiipply  tlu!  ]MiaIj9ed  limbs  onpiwts. 

An  iUustration  of  tbo  same  law  is  also  aJJbrded  hj  At 
CMM  iu  vliidi  dirisioD  of  u  uvrra  for  the  om  of  neunlfit 
p«un  ia  found  usdoss,  snd  in  which  th«  pain  continaM  v 
returns,  though  porUoos  of  the  nerre  be  rtunored.  h 
mK'b  caHmt,  the  diMiOMi  i»  probabl;  ssatod  nearer  tba  noma 
oeatr«  thao  the  put  at  which  the  division  of  tbe  inare  ii 
mode,  or  it  maj  be  in  tfao  oerviMM  ccotrr  it«nlf.  Whoa  tb 
OMuo  of  the  n«um]^  is  twitod  in  the  trunk  of  the  wm 
tot  exsmide,  of  tha  fitdal  or  infta-orbital  nerre— dtrim 
of  the  brsnoliM  can  be  of  do  mirnsx ;  for  tbo  etump  tenia- 
iog  in  connection  with  the  brain,  and  containing  all  tb 
fibros  di:)trit>utcd  in  tho  bnmches  of  the  nerve  to  the  ik^ 
cotttiiDues  to  give  rise,  when  irritated,  to  tho  »anis  mute 
lions  us  uro  felt  when  (he  puriphertd  part«  tbemaelTet  m 
oflected.  Diri«ion  of  a  DC<rvo  prevents  the  [io«sibilit7  4 
external  impreasiona  on  the  outauoons  extremities  of  ill 
6))r<!  being  felt ;  for  thMo  improssionB  can  uo  loogw  k* 
oonununicated  to  the  brain:  but  the  aamu  sonsationa  whiik 
were  before  produvcvd  hy  t-xtemiil  tmpresaions  mnj  iri* 
from  iiitcnud  riiiiw;)!.  In  tho  same  way  luaj  bo  e:xpluM4 
the  foct,  that  when  part  of  a  Umb  hut  been  remond  bf 
amputation,  the  rem&iniiig  pdTtioiu  of  die  nerves  irfciA 
runi£ed  in  it  taoy  give  ri»o  to  sensations  which  the  mild 
refers  ta  the  lost  part.  'When  the  stump  and  tha  diridd 
nerves  are  inflamed,  or  pressed,  tlio  patient  iromplains  lA 
pnin  folt  as  if  in  thii  part  which  has  been  rnmoved.  niMi 
the  stump  is  healed,  tho  sensations  which  ve  an  seen* 
tomod  to  have  in  u  Houud  limb  atb  still  felt ;  and  tingliltg 
and  pains  are  referred  to  tho  parts  that  are  lost,  or  to  psj. 
ticular  portions  of  them,  as  to  singlo  toes,  to  th«  eols  of 
the  foot,  to  the  dorsum  of  thi>  foot,  vtc;. 
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But  (as  VoIkiDAon  shows)  it  must  not  be  assumed,  «8  it 

often  liUA  lieen,  from  tbeM  exampliM,  Uial  the  miuij  has  nu 

n-or  of  dmrrimiuatiiif^  the  vmy  jK>iut  in  tlio  length  of  any 

i-fibra  to  irhicli  an  imtntioB  is  npplied.     Kven  ia  Ibe 

■  iiuteDces  refon«<l  to,  the  mind  peneivM  tlis  preasiu*  of  ■ 

nam  nt  tita  p»iiit  of  imsisure,  ba  well  as  in  the  seeming' 

MDsationa  derived  from  Itie  estremtties  of  the  Qbtva :    wul 

[io  stumps,  pain  is  fvlt  in  tlm  wtump,  ns  well  as,  seeminglj, 

fin  the  parte  removed.    It  i*  Dot  quite  certain  wheltuir  liioso 

MiBSUtiouM  a»  perceived  by  tlie  tiervtsfibrOH  nliich  nro  oa 

their  wtiy  to  bo  dirtribuKid  <tl»<!U-liere,  or  by  the  sentient 

ezimmiliea  of  nerrea  which  are  themselves  dlslribuled  to 

Iho  nuuiy  tnmka  of  the  lusrvos,  the  nervi  nervorum.     Tlie 

latter  is  the  more  probable  suppositioti. 

The  habit  of  the  mind  to  refer  impressions  reonircd 
through  tlic  SQni<i(iv«  iiervos  to  tlio  parts  from  irhich  im- 
■piressionn    through  those  ttorvee  are,  or  were,  commonly 
FmMivcd,  is  f\irther  exemplified  when  the  rvlutivo  p^mition 
,  flf  the  periphoral  extremities  of  sensitive  nerves  is  changed 
rUtifiiually,  as  in  the  transpontion  of  poitioos  of  skin,  ^^1len 
1  tb*  rectonition  of  a  nose,  a  flap  of  skin  is  turned  down 
the  forchoiul  luid  mndit  to  tiiiito  with  the  etump  of  the 
.  nose,  the  new  nose  thus  formed  has,  as  long  as  tliu  iHtlimtis 
of  skin  hy  which  it  maiiilaius  ita  origiiuil  uounectious  re- 
mains undivided,  tlie  sumo  Kcnwitions  as  if  it  w<!re  still  on 
tho  fon-'head ;    in  other  words,  when  the  uohi  is  touched, 
'  tlio  pnticiit  feels  the  impreauou  as  if  it  wore  made  on  the 
fotehead.     When  tho  cmnmunirntioin  of  the  nervous  fibre!* 
of  the  new  nose  witli  those  of  the  forehead  is  out  off  by 
diviiuou  uf  the  isthmus  of  skin,  the  sensatiuns  are  no  longer 
referred  to  the  fomhtrud  ;  the  suUBibllity  of  the  nose  is  at 
first  abMtnt,  but  is  graduuUy  developed. 

WboDt  in  a  part  of  the  body  which  receives  two  sensitire 
,  oike  is  paraty^d,  tho  other  may  or  may  not  ho  la- 
l«doqnata  to  nitiintaiu  the  sensibility  of  the  entire  port ;  the 
I  extent  to  which  tliu  scmtibility  is  preeorved  oorresponiling 
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piobabl7  wilh  the  onmber  of  the  fibres  unaffected  b^  tk»1 
paialrma.     Thus  when  th«  utnitr  ikttv,  irhich  nupplica  tb»  I 
fifth  mod  a  psrt  of  tli«i  fixtrtli  fingvr,  is  ditidcd,  tbe  MmmUH^ 
ot  tfaooe  parts  is  not  preserve  tlmiueh  the  medinm  of  diij 
branchM  which  tiw.  ulnar  dnrinw  from  t)i«  mcclinn 
bat  the  fourth  and  fifth  flngetB  are  permanontlj  de; 
of  MOkiiibiUty.     On  tho  other  hand,  thora  ara  inrtaiicw  la  { 
vhic^  tba  trunk  of  tho  rhiof  seuitiTe  nerve  supplied  to  ■ 
jiart  haviii^  b«Mi  divided,  the  seaaJbUil]*  of  thu  part  is 
Ntill  intuierved  hj  interogmmtuucatiiig  fibrca  from  a  iMag}i- 
bouring  n«tT«-tTunk.     Tbu«^  a  caae  is   related   bj  Hr. 
SaTOijr  in  which,  after  eaodsioii  of  a  portion  of  tfaa  mti»> 
Gulo->piml    Dorvo,    tho   Miwilnlity  ot  some  of  the  pntl 
supplied  by  it,  although  impaired,  was  not  altogether  k< 
probably  on  account  of  thoee   fibnot    from    tho  oxtonal 
aitani-nuN  norvo  which  aro  mingled  with  tho  radial  brondi 
of  the  musculo-spiral.     One   of  the    uses  of  a   nemv 
pliMtus  (p.  4"0)  is  hure  well  illuKtnitrd. 

Sevornl  of  tho  biws  of  action  in  motor  N«rrM  oomgptmt 
with  the  foregoing.  Thus,  the  motor  influcn<!0  1« 
gatod  only  in  tlin  diTi^ctioii  of  the  fibres  ^itig  to 
muscIeB ;  by  irritation  of  a  motor  nerve,  coatnurtions  are 
esuili--d  in  all  the  inuacles  supplied  by  tho  bnuKboii  givn 
off  by  the  nerve  below  tho  point  irritotwl,  and  in  thos* 
miisclee  alone :  the  muscles  supplied  by  the  brancbet 
whioli  come  off  from  the  nerve  at  a  higher  point 
that  irritntml,  are  ntrt-wr  directly  excitwl  to  cont 
Jio  contritctioR,  for  instonee,  is  produced  in  the 
muBi'lG  by  irritating  tho  branchm  of  the  fiudal  nerve  that 
raraiiy  upon  the  faco;  because  that  mascle  deiivee  it) 
motor  nervas  from  the  trunk  of  tli»  fnr'ial  previous  to  iLsM 
bronchoa.  So,  again,  because  the  isolation  of  motor  mm- 
fibres  is  as  complete  as  that  of  sensitive  ones,  tho  irritatioa 
of  a  ])art  of  the  fibres  of  tli<!  m<itor  nerve  doc«  not  afiecl 
tho  motor  power  of  the  whole  truak,  but  only  that  of  tlw 
I-ortion  to  which  the  stimulus  is  applied.     And  it  is  ftom 
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tlio  samo  fact  tluU,  when  a  motor  n«iTe  voters  m  plexus 
tmd  coDtribut^s  with  other  uierrca  to  the  fonnatioa  of  » 
nervduB  tniiik  iiruceuluig  from  tho  plexus,  it  does  not 
impart  motor  power  to  th«  vhole  of  that  tnmk,  but  odI; 
rotoiiu  it  isokt^  in  the  fibres  which  form  it«  coDtinuation 
in  the  braacho*  of  (bat  truuk. 


Funftimtt  of  XtfTt-CfMrts. 

M  already  ohserred  (p.  473),  the  term  ii«rK-ewi(«  is 
Bp[>lied  to  oil  tlioM  purU  of  the  nervous  ayvtitm  whiob 
contBin  (faDglion-corpiisclMi,  or  Vfwrular  nnrvo-mibrtanoe, 
i.e.,  ilrn  br;ttn,  spinal  lord,  acd  the  several  ganglia  which 
belong  to  t)io  cercbro-qiiiiul  lutd  thu  i^nnpathetio  systems. 
Each  of  these  nerroua  ocntrcs  has  n  proper  nmgo  of 
fuuctioTui,  tlie  exteiit  of  which  bears  a  direct  proportion  to 
tho  niimlxT  uf  uitrw-fibrwt  tlmt  M>iini'ct  it  witli  Iho  rurious 
organs  of  the  body,  and  with  other  nervous  centres :  but 
thuy  (dl  have  certain  general  projierties  and  modes  of  action 
common  to  tlxm  ns  nervous  centres. 

It  is  generally  regarded    as  the   property  of  nervous 
coiitmc  that  llxTy  originutu  the  impulses  by  which  muHclns 
BUiy  bo  excited  to  action,  and  by  which  the  Bprt^rii]  func-lions 
L  of  organic  lile  may  be  maintained.     Hence,  they  are  often 
LosHed  MufCM  or  ariginatiirs  of  nervous  power  or  force.    But 
the  instances  in  which  thew  exprossions  con  bo  used  are 
very  few,  and,  strictly  speaking,  do  not  exist  at  oU.     The 
brain  doe*  sot  issue  any  force,  except  wlien  ileclf  im- 
pressed by  soma  force  from  within,  or  stimulntod  by  no 
impression  &om  without;  neither  wilhout  such  previous 
Birapreasiona  do  the  other  nn-vn-contres  produce  or  issue 
B  motor  impulses.     I'ho  intesttoal  gong^a,  for  example,  do 
H  not  give  out  tlie  nervous  force  nsoessary  to  the  contracliona 
H  of  tlifl  int4-slincs,  ^-xcvpt  when  they  receive,  through  their 
B  centripetal  nerves,  the  stimuli  of  substonoes  in  the  intestiiia] 
B  til 
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oanol.  So,  also,  Ui«  spinal  cord ;  fbr  a  decnpitolM  animl 
lica  inotii>iiIau  so  lou)^  us  do  irritation  is  applied  to  in 
uditripctrat  aciTM,  Uwiigli  tlm  momeot  Uioj  _ttTe  u>dcli4 
iaov«m«tita  ensue. 

The  mor«  certain  and  (;ta«nl  office  of  all  the  nemm 
oontros  is  that  of  rariouslj*  disporio^  and  trjtiufvrriag  tim 
impressions  thst  reach  them  tbroagh  the  »evenl  csatfr 
potal  nervo-SbrM.  In  nerve-fibnw,  aa  already  ai^ 
iaprMsions  ui;  oolv  coadueted  in  tlvo  simple  tsototcd  cmhn 
of  the  fibre;  in  all  the  nervous  centres  an  impreisaian  mair 
Iw  not  only  coitductod,  but  also  vonunanicatcd :  in  the 
brain  nione  it  may  be  penrived, 

Conductiiin  la  or  tliroagh  netrv-MtifrM  inaj  lie  ibuasimidf 
ilhutrateJ.  'flio  food  in  a  given  portion  of  tbe  intoeUiM, 
acting  as  a  stimiUua'  produces  n  cvTtain  impreesion  on  tht 
nerves  in  tb«  muoous  loembrane,  whiofa  iiuitreosioa  ii 
ooimyod  througli  thom  to  tlii)  udjocunt  ganglia  of  Uu 
sympathetic.  In  ordinary  coses,  the  oonsequMloa  of  suck 
an  iuiprrsHion  of  the  f^nnglia  is  thu  nioroRiiiiit  of  tlis 
muiculor  coat  of  that  and  tlio  adjacent  part  of  tJie  ouuL 
£ut  if  irritant  su)iatauces  be  mingled  with  tli«  food,  l]» 
shojpor  stimulus  pro'luci>«  a  «troii^-r  iinprvnsion,  and 
is  cotidui:ie<l  through  the  nearest  ganglia  to  others 
Btid  m»ro  dintunt ;  and,  Irom  all  these,  motor  impnlMS 
issuing,  excite  a  wide-oxtcndcd  and  moru  forcible  actiia 
of  the  intestines.  Or  even  through  all  the  sj-mpatlictic 
ganglia,  the  imprctwian  may  be  further  conducted  to  tlw 
ganglia  of  the  spinal  norres,  and  through  them  to  ^ 
■l>inal  cord,  whence  may  issoe  motoir  impulsra  to  tlie 
abdominal  and  other  muscles,  producing  cnunp.  And  yet 
further,  the  same  moihid  impression  moy  b«  oODduottd 
tliroiigh  the  sjiiuid  i-ord  to  tbe  Ijrain,  where  the  uiud  may 
perceive  it.  In  the  opposite  direction,  mental  influents 
may  be  eondueted  irom  the  brain  through  a  sitcoosaiogii  of 
nervous  centres — the  spinal  (»>rd  luid  gnnglia,  and  one  or 
mure  ganglia  of  the  symptithotic — to  X'l^duce  the  iuflooim 
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j  of  th«  mind  on  the  di^a^ve  and  otlier  DT:g:iuiie  fanctions. 
I  In  »lu>rt,  in  nil  caneit  id  whif^li  tlto  mind  ctUicr  Ium 
aixanoe  of,  or  cxotc!so8  iDflui>n«6  on,  tlM  procMSM 
I  carried  on  in  anf  jwrt  Mipplied  viiHi  armpatlMTlic  nerres, 
t  there  mart  be  ft  eonducTMii  ot  impression*  throupH  all  the 
lnervi>us  oeotroi  betireea  the  hraiii  und  tUnt  jiart.  It  in 
Iprobable  diat  in  thi«  conduction  through  nervous  centres 
ithe  impression  is  not  propagated  through  unintArrupted 
Itum-Ghrm,  but  i«  conveyed  through  euoceauTn  nerve* 
and  connecting  nerre-filameot* ;  and  in  eome 
Ftnslancefl,  and  vhen  the  stimulua  is  exoendinglj-  )H)«crfii], 
I  tho  r4>iidui;tion  mny  bo  cffiiKtad  na  qutoklf  as  through  con- 
I  tinuoua  nerve-fibn-s. 

But  io-ilead  of,  or  na  wo!l  us,  boing  conduclod,  imprea- 
I  miMlo  on  norvona  centres  mnj-  bo  communieaUd  fixim 
lAttes  that  brought  them,  to  others ;  and  in  tbi§  coni- 
^nutintion  may  be  either  traHiJerrrd,  diffnted,  or  r/jirtttd. 
The  trant/frrnee  of  imprtnioiu  may  ba  illuatrated  by  tlis 
pain  iu  the  knee,  wliitb  is  a  cooimon  taga  of  disease  of  tho 
hip.  In  tliia  vnu  the  improHiiin  miule  by  the  di»ca«c  on  iho 
nertrea  of  the  hip-joint  is  conveyed  to  the  spinal  oord ; 
there  it  is  tram/erred  to  tlie  central  endit  or  conaecliona  of 
tho  nervi>-libro»  dJMlTibiit<'d  about  lite  kuce.  Through  thcae 
tlie  transfLTred  iiupresaion  is  conducted  to  the  brain,  and 
tho  mind,  referring  the  twiiiKition  to  llie  part  fr»ra  wliifh  it 
usually  through  tlieso  fibres  rocoires  imprewionx,  feels  as 
if  tlie  disease  and  the  eource  of  pain  were  in  the  knee.  At 
tlio  tnmo  time  that  it  in  tronslernKl,  thi;  prinuiTy  impinFMti>ii 
may  be  also  conducteil ;  and  Ja  this  case  the  pain  is  felt 
in  both  llie  hip  aud  tlio  kneo.  So,  not  unfre<]ucatly,  if 
one  toui^hca  a  simill  pimple,  that  may  be  aonted  in  the 
trunk,  a  psin  will  bo  felt  in  as  small  a  spot  on  the  arm,  or 
nemo  other  part  of  the  trunk.  And  so,  in  whutei'cr  part  of 
the  rwpimtorj'  orgiinn  un  irritation  may  W  scntail,  tlio 
imprea&ioD  it  produces  is  trtinsferred  to  the  nerves  of  the 
larynx ;  and  tlieu  the  mind  perceives  the  peculiar  auusatiuu 
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of  tickling  in  tho  gloUia,  wliidi  1>mt,  or  ulniost  alone,  exdiii 
the  act  of  oouKhiof;.  Or,  ngftin,  n-hea  tho  mui'n  Ughl  Iifli 
■IroDglj  on  till!  eye,  a  tickling  may  be  felt  in  tli«  natb 
oicitiiig  meexiDg.  la  all  tliem  cnitcK,  tlio  primaiy  inline 
aioQ  mnr  be  conducted  *S  well  b§  traiisrcrrvd  ;  and  is  il 
it  ia  tranHfi-Tred  to  a  oertain  «tft  of  norvea  which  gftoBnAf 
appear  to  bo  in  some  purpori*«  rolatioa  with  tbo  aatm 
first  impmaed. 

The  diffkticm  or  radiation  of  iiuprfuiotit  ui  itbovm  vbca  a 
EmpTDnioo  nomvad  at  a  nvmmt  centro  U  dttTuvml  to  ma^ 
other  fibres  in  the  same  cmitre,  and  produoea  BsmadiM 
exteudiug  lor  )iL>i,-oDd,  or  lu  an  indeliuito  aztw  wonod,  As 
part  f^m  which  tho  primary  impressioa  was  derinl 
Hence,  as  in  tlie  fonner  cases,  resiUt  rarioua  kiiids  of  wW 
have  hvtm  dcDominiitvd  aymptttlictio  acnsntiuns.  Soa»- 
times  fMoh  seDsations  are  referred  to  almoot  evnjr  pot 
of  the  hody  :  us  in  tho  shock  oud  tingling  of  tho  akin  pi^- 
duccd  bv  some  startling  noiso.  Sometimea  on!;  the  pata 
ini mediately  eurroundiDg  the  point  first  irritatod  psiti^ 
pate  iu  tlio  ^SecU  ut'  tliu  irritation  ;  lliux,  the  aobii^  of  a 
tooth  mny  bo  accompanied  by  pain  in  the  adjoining  Intl^ 
and  iu  all  the  surrounding  pnrtn  of  tlio  face  ;  the  expliDfr 
tion  of  such  a  cose  being,  that  the  itritation  conrcyed  h> 
the  brain  by  the  uerve-lUiren  of  lh«  docoased  loodi  il 
radialfd  to  the  oentrai  ends  of  adjoining  fibre*,  and  Ikti 
the  niind  perceives  this  socoudury  iinpreanon  as  if  it  wen 
derived  from  the  peripheral  ends  of  tho  fibree.  Thii*,  sho 
tho  pain  of  a  calcidus  in  the  ureter  is  dilfkuwl  fur  and  wid*. 

AU  tho  preceding  exnmplM  represent  impresNtoM  oov- 
tnunieated  from  one  sensitive  fibre  to  others  of  tho  tamt 
kind  ;  or  from  tibrrs  of  special  sense  to  those  of  coranos 
eensation.  A  similar  couimunication  of  impressions  fioB 
sensitive  to  motor  fibres,  constitutes  rtjffttiott  of  imprentooa, 
di*[<Inys  the  important  fiuiciions  ooininon  to  all  nervoM 
venues  as  reJtcttoTt,  and  produces  rrflta  moTomvnts.   In  tha 


REFLECTION  OF  lUPRESSIOX. 


487 


» 
I 


Uid  dlrecdon  of  micb  «oinmtuiications,  nlto,  pliDno- 
wmBfoaiiag  to  thoBo  of  transrercnoa  aud  dilfiuioD 
^lo  aenutim  aenrM,  ve  obaervod  iu  tint  plKiuoiiKinu  of 
mflKtioa.  For,  m  in  tmnsferonce,  tho  refleclion  ma;  ttike 
place  fiom  a  cortoia  limited  sot  of  aeuHiiive  aamt  to  a 
comepoiMUn^  «nd  telaled  set  of  iiiutur  namis ;  h  vImb  in 
cooMqucni'O  of  tho  imprvKuon  of  light  on  th«  ratinn,  tlio 
iris  coulracls,  but  no  otiier  muscle  moves.  Or,  as  iu  diffa- 
viott  or  riuliatiou,  the  rciliKliaii  may  briii);  iridcly-extended 
mnaclM  into  actinn :  oa  whi>n  an  initntion  in  the  larynx 
brings  all  ihfl  musdee  engaged  lu  expiroUoo  into  coincideal 
moTommit. 

It  will  be  maeuaxj,  hereafter,  to  ooii»<l<rr  io  tleteil  so 
muiy  of  ilw  iustaaoes  of  the  roflectiug  power  of  tfae  sereml 
nervous  onotrvs,  that  it  m^ty  bu  MulBcimit  lioio  to  mention 
only  the  moet  gflntiral  rules  of  reflcoc  action : — 

1.  For  iht<  miuiitcBttttion  of  oveiy  reflex  mtiaculitr  action, 
three  things  aro  necoesoiy ;  ( I ),  ono  or  mors  por&ct  contri- 
|ietal  nerve-fibres,  to  convey  an  impresaion  j  (2),  a  nes-vous 
coutrv  to  which  this  impreasiun  tuuy  be  conveyed,  and  by 
wliidi  it  may  be  reflected ;  (3),  one  or  mon>  ocntrifugol 
narT«  fibtM,  upon  which  this  improwiou  may  bo  reflected, 
and  J}y  which  it  nuiylio  eoiiduLti'd  to  the  coalraiting  tissue. 
In  the  absenoo  of  any  one  of  thnw  thri»  conditionti,  a  jiropi^ 
ndex  movement  could  not  take  place ;  and  whenevf^r  im- 

.  presrions  tnndo  ]>y  fxtvrual  ntiniuli  on  acnsitiTo  nfirves  givo 
rino  to  motions,  tlieee  are  ni^vcr  the  result  of  tho  diroct 
reaction  »f  th«  semitiro  and  motor  fibres  of  the  nerves  on 
eteb  other;  in  all  tucbuLies  tho  imprcxxion  in  ci>nv<'yed  by 
the  soniutivi]  fibres  to  a  nervous  oeotre,  and  is  therein  com- 
uunicnted  to  the  motor  fibres. 

2.  All  reflex  actions  oro  eeeontiidly  involuntary,  and  may 
bo  iiRom[iUahed  independently  of  tho  will,  though  niort  of 
tliflm  admit  <if  l>ciiig  modified,  controlled,  or  [ireveuted  bj 
u  voluntary  effort. 

5,  Keflox  actions  performed  in  health  havo^  for  tho  most 
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part,  a  distiiMt  pnrpow^  and  am  adapted  to  mteun 
vnd  duHtnibl«  for  the  w«ll-beini;  of  the  body ;  bi 
disesAo,  many  of  tlicni  or*  im^ilnr  nnd  ptirpoaeleaa.  Ai 
an  Uluatralion  of  the  fint  point,  may  lie  montiaDed  mai*- 
menta  of  tlie  di^rtir«  canal,  the  mipiratory  nuymaMt, 
and  Iho  conlractiou  of  the  eyvlida  and  the  pnpU  to  «xdiid» 
mooy  ny»  of  light,  when  tlie  lelina  U  exposed  to  a  brigbl 
glure.  These  and  all  other  normal  rcfltuc  acta  aflbrd  aha 
axam[dea  of  tho  modit  in  which  th«  tjerTOos  centres  comhbu 
and  arrange  oo-ordiaatel>'  the  sctiooa  of  the  nerre-filmi, 
•0  that  manj  muaolea  maj-  ml  (o^lhor  for  the  common  cai. 
Another  inotanco  of  tbo  aatno  kiiul  is  fumiabod  hf  tb* 
NposmodJc  coDtraclions  of  the  gLottia  on  the  contact  ei 
uarbonk  oiiil,  or  any  foreign  Bubnanco,  with  the  iutonal 
Rubstance  of  the  epiglottia  or  larynx.  Example*  of  th* 
purpoeeleM  irregnlar  nature  of  morbid  reflex  action  an 
aaen  in  the  coavulaire  moromenta  of  epilep^,  and  in  lb 
apaama  of  tetanus  and  hydrophobia. 

4.  Reflex  modular  acta  are  odea  more  nutained  than 
tho§e  produced  by  the  direct  etiiutilua  of  muacular  nurre*. 
A*  Volkmann  rcliktcii,  tlio  irritation  of  n  mitsculor  oqgas, 
or  ita  motor  nerve,  produoea  contraction  taattnp  only  n 
long  oa  the  irrit-ution  coiitiniKi* ;  but  irritaliun  applied  lo 
a  norvoua  centre  through  one  of  iti  ivntrii>(>titl  oonroa,  oaf 
t'xctte  retlex  and  harmouioua  conlractiona,  wliicb  last  soow 
lime  ni^cr  tbo  witlidrawal  of  tlut  atimulua. 

CEBEBBO-BPtNAI.  SEKVOCa   eTSXElC. 

Thfl  physiobgy  of  the  corebro-s^nal  nerroua  ^stain 
includoa  that  of  the  spinal  conl,  medolla  oblongata,  and 
hraio,  of  the  several  nerves  giren  off  tnym  each,  and  of  the 

*  Fij{.  140.  Tltiur  uf  the  ciir«l>To-H|>iniil  ucii  of  tho  ■mttuim  *;t(tn 
(•rter  Bourgeiy). — 'fli*  rigUt  bait  of  ihd  craniina  awl  unak  ai  ibi 
bodf  has  brail  miiovtd  by  a  TsrUokl  atoiliin  ;  Um  iBembraan  (tf  tlw 
braia  111(3  npiiial  murow  hive  aim  l>i><<ii  rviuoved,  atid  Uio  rooUaadfinl 
part  or  th«  fifth  and  uiiith  cnriiBi,  mi  J  -i!  uU  tha  apuiiil  ncrm  of  th* 
right  nde,  barcUoiidiuccUilout  xiid  UJ  >i!pomtcl7 on  the  walloftlia 
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the  lateral  and  posterior  column  arise  tbe  pMlmttr  roots 
of  the  Boniio :  a  pair  of  roots  oa  eacli  aide  correBpoDdin^  to 
each  TBTtobra  (fig.  141). 

The  fibrous  part  of  the  cord  contains  continnatiooa  of  the 
innumemble  fibfM  of  th«  spinal  oervi's  ixHuing  from  it,  or 
eat«rin^  it ;  but  it  la,  protKihlr,  not  formvd  of  tticu  exclu- 
Piff.  141.* 


*  VlK  I41.  Different  TtcKriof  ■  portion  of  lli«  ipiiral  Mnl  from  the 
Mtvlea]  nffm,  vith  the  roou  of  the  norvu  dtghtly  cnWgtd  {fnm 
QuafnV  _  In  x,  lh«  ■>iI«rior  tiiifnni  of  tlir  tpoi'lniaii  U  ahnwn  ;  the  m- 
tNior  atrvt-r«ot  of  it«  riglit  side  beiug  iliviiicil ;  in  b,  ft  ri«iT  of  tho 
T^lit  tlda  b^TCD ;  u)  o  th«  uppor  mirtiCQ  ti  ihawti ;  in  D.  tbo  uvrr*- 
root*  uiil  ^Dftlicin  mN  ihown  fnnn  liclnv.  1,  tho  anterior  mc<l!«i 
fiMfnn  1  1.  poitanor  inMlian  tiamn ;  3,  Hiilirinr  ktcml  ilnpreuiou,  ovgr 
wtiich  ttie  (Ulterior  n*rT»'root«  an  atvn  In  ii|irunil ;  4,  |io>lor)ar  Ut«nl 
gtoarr,  into  wliii^ti  tbn  [xNtnior  roaU  are  tnn  lo  >ink  ;  5,  iinlrrior 
i«Dta  pUMing  tlw  ganglion  1  5',  in  a,  tliv  auturinr  niut  ilivitW ;  6,  Iha 
poitoriar  roots,  tlio  fibm  of  wliich  jmn  intu  tli«  gaogliou  C;  7,  tha 
Tinit«d  or  oonipouuil  nerve  ;  7*.  tbo  [KHtcrior  ]<riuur;  bnuoh,  Utn  in 
A  rai  n  to  Ih]  derived  in  part  from  tlw  nntcrici  and  in  put  bom  tlia 
(NMltrior  r«oL 
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sirely  ;  nor  in  it  a  mere  truck,  Uce  a  f^T«at  nerrp, 
whicb  ihtfy  may  pus  to  thu  bmLn.  It  is,  indeed, 
ttw  moat  diiBcolt  things  in  stmcttml  Qnatomj-  to  detcnaiae 
the  eonne  of  indindual  nerW'fibtes,  or  erea  of  fasnaiJi 
of  fibres,  tJiroujcb  ereo  a  bIkm  dtstanoe  of  the  epioal  rard ; 
luid  it  »  only  by  the  examinAlioin  uf  truisrerse  and  langv 
ttidinal  Motions  through  tho  mibiflnnne  of  tlin  nnrd,  kdcIi  n 
those  ao  auomoaftdly  made  by  Ut.  l^ockbart  Clarh«,  tlutn 
can  obtain  anything  likv  a  cotroct  idea  of  tho  direction  laksa 
by  the  fibr«s  of  tho  roots  of  th«  spinal  nerTes  within  tha 
tvii.  From  the  infonnatioa  aflbrded  by  such  aectiona  it 
it  noold  apixmr,  tKnt  of  tbo  rool'6bros  of  tli»  norm  whit^ 
enter  the  cord,  some  assume  o  tronsrerae,  othen  a  Ico^ 
luditud  direction :  tlii>  fibrm  of  tlie  former  piua  horixontillr 
or  obliquely  inlo  the  sabstanco  of  the  cord,  in  which  niuy 
of  them  appear  to  bncome  oonttnuous  vith  iibnw  cul«niif[ 
the  cord  ftomothar  roots;  others  piws  into  tho  oolunuuaf 
the  cord,  while  loaie  perhaps  terminate  at  or  near  the  put 
vlii<^h  Ihoy  Mitor:  of  tho  fibrm  of  tho  socond  iKt,  vhiiA 
usually  first  traT«rae  a  portion  of  tlie  ^rey  substance,  sonw 
pass  upwarda,  tuid  othon,  at  least  of  tha  pontoriur  nott, 
turn  downnnrds,  but  how  far  they  proceed  in  either  dicec- 
lion,  or  in  what  umiiuur  ttiey  terminate,  are  questions  still 
imdotonaiiiod.  It  is  probable  that  of  theee  latter,  nMugr 
wnstitute  lonptudiunl  coniniissuies,  connecting  diSWat 
Kngtnenls  of  the  cord  with  each  other;  while  others,  pro- 
bably, pass  directly  to  the  brain. 

Tbo  n^toertil  ni!«  renjieuling  tho  alxe  of  dittCaiiat  parts  of 
tho  cord  np]>MLrs  to  bo,  that  the  size  of  each  part  boon  a 
direct  proportiou  to  the  siie  and  nitui)>cr  of  nerve*nx)la 
given  otrtVom  il«Jf,  and  lias  but  liUlu  rtilation  to  the  siin 
or  numljor  of  tboM  given  oS  below  it.  Thus  the  cord  is 
very  largo  in  the  middle  aud  lower  part  of  its  oervical 
portion,  whence  ariw-  tlm  lurgH  n<?rve-rools  for  tlio  forma- 
tion of  tlie  brachial  plcxusos  and  tho  supply  of  the  Upper 
txlremities,  and  again  eulargcs  at  tbo  loiroM  part  of  its 


I 


ORIGt:!  OF  THE  SPIXAL  SEEVES.  493 

poriioD  niiil  tito  upiter  put  <^  iU  lunibar,  at  the 
origins  of  the  largo  dotvm  which,  nftnr  fonniDg  Um  Iuin> 
l>Br  and  aacral  plexuses,  are  diBtrihulcd  to  the  lower 
exti:«tnili«.  The  chief  cause  of  the  greater  aiEA  at  theoo 
parte  of  tho  iq>iiiiil  wrd  ih  iiicntiuin  in  thi-  cjuiinttty  of  gny 
mottiir ;  for  there  Beems  reason  to  believe  that  the  irbit« 
m  fibroos  port  of  ttio  cunl  bM-oina*  gruiluully  and  pro- 
gnaavdy  larger  from  bolow  upvrordx,  doubtless  from  the 
addition  of  a  certain  number  of  upward  pasaing  fibres  from 
«ach  pair  of  norroa. 

It  may  be  added,  howeror,  that  there  i»  no  sufRcient 
oridenL-e  fur  the  supiioaitioD  that  an  unluterrupted  oou- 
lity  of  norve-fibrea  is  ossciitinl  to  Ihii  (iondiictioD  of 
uons  on  the  spinal  nerves  to  and  from  die  brain; 
[Mdt  impresGions  mny  be  as  well  Inuisraitlifd  ttirough  the 
nerve- vesicles  of  the  cord  as  by  the  nerve- ti brcs ;  and  the 
experinieuta  of  Bruwn-Sequard,  again  to  he  oUudud  to, 
make  it  probablo  thnt  tho  grny  nubstuuco  of  t)io  cord  Is  the 
only  channel  ttirough  whi«h  sensitive  impieew>us  are  con- 
vsjrod  to  the  brain. 

Tlie  ,\Vrtv(*  of  (A*  Spinal  Cord  consist  of  thirty-one  poin^ 
iamiiug  from  tho  ndu  of  tliu  wliolc  lungth  »f  tliu  oonl,  tltair 
number  correspoDding  with  the  intervertebral  foramina 
tlirough  whii'b  tliey  pass.  Kach  nerve  arises  by  two  roots, 
uu  flul'-rir^r  and  pontcriur,  thu  latlvr  being  the  larger.  TIm 
roots  emerge  through  separate  apcrtuios  of  the  sheath 
of  dura  mater  surrounding  the  cord ;  and  tliKM^'tly  after 
thioir  emergence,  where  thu  roots  lie  in  the  uitrrviirtubrol 
Jbnmeu,  a  ganglion  is  found  on  tlie  po«(<^rior  root.  The 
onterinr  mot  lion  in  contact,  with  tho  anterior  surface  of 
the  ganglion,  but  noiio  of  itn  fibrvH  iutvrniiuglu  witli  th»»o 
in  the  ganglion.  But  immediately  beyond  the  ganglion 
tlie  two  roots  coalesce,  aad  by  the  mingling  of  their  fibres 
form  a  compound  or  mixed  siiiual  nttrvu,  which,  after 
issuing   from   the   inteiveitebral   canal,  divides  into  an 
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uiteilcr  and  posterior  Imncb,  ondt  contitiiiingr  fibns  bn 
both  tb«  roots  (fig.  141). 

Aooording  to   KoUik«r  tli«  postnrior  root-fibres  of  lb 
oord  cBtor  tnto  no  oonnoctioD  n-itli  the  D«rve<ooipasdH  a 
tbs  gmgUoD,  but  pass  dixeotlj  through,  in  one  or  moK 
bondle^  which  are  coOsctcd  into  s  trunk  beyond  th»  gu- 
glion,  and  then  join  the  nxxtor  root.  From  most,  if  iMt  al^ 
of  tho  gangiiouio   cotixbcIm,   ona  or   two,  rarely  amt, 
Dorre-fibrcs  aru«  nnil  psas  out  of  the  g&ogUon,  in  a  peri- 
phend  dti«cdon,  in  oomjianj-  vith  thi;  poetorior  nx4-iibnt 
of  tho  «oril.     Each  aptnoL  ganglion,    therefbra,  ia  lo  b 
regarded  as  a  nuice  <tt  dot  nerve-fibres,  which  KsUikr 
TrnxMa  gunyfiomc  fikm.     Hie  deatination  of  tbeee  Sbmk 
not  yet  detenninod :  probably  (hoy  pass  espeuaUy  into  At 
Tawular  branchea  of  the  ncrres  which  they  nccompnnj. 

The  itnturior  root  of  eadi  Hpinul  norre  aiiaea  bj  nunw- 

nils  separate  and  convM^g^ing  fasciculi  from  the  aaUnv 

ooluinn  of  the  cord ;  the  posterior  root  by  more  numnon 

pomllol  fiwcictili,  frum  tlin  pn>tmor  column,    or,  rathw, 

iW)m  the  poxtorior  part  of  tho  lateral  ooluma ;    for  if  s 

fissure  be  directed  inwards  from  the  grooive  between  th* 

middle  and  posterior  eohiniiu,   tho  posterior  roots  will 

remain  attached  to  the  former.    The  anterior  roots  of  each 

spinal  nerre    consist    oxduiiinily  of    motor  fibm;   fts 

posterior  eu  exclusively  of  seosltiTe  fibres.     For  the  knor* 

Icdgi)  of  this  imi)ortanC  foot,  and  mui^h  of  the  ooosoqnnt 

pragrras  of  the  physiology  of  the  nermaa  system,  adecite 

is  indebted  to  Sir  Charles  Bell.     The  bu:l  is  proved  ia 

rarious  waj-s.      Dirisioa  of  Uie  aalvrior  roots  of  one  cf 

more  nama  is  followed  by  complete  loea  of  motion  in  ths 

parte  supplied  by  the  fibres  of  snch  roots;  but  the  senM- 

tion  of  Uk!  (lamo  parbi  romuinR  ppricct.     Divisioii  of  ths 

poKt«rior  roots  d<«troy8  the  sensibility  of  tlte  pnHa  soiled 

by  tlieir  fibres,  while  tlie  powor  of  motion  conlinaes  nninu 

pairt-J.     Morcovirr,   irritation    of  the   ends   of   the  distal 

portions  of  tho  divided  aut«rior  roota  of  a  nerra  excite* 
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FiBWcaliirmoTeBMnts;  irriutioaof  Iheendaof  Ui«  proximAl 

I  povtiooa,  irhicli  are  atUl  in  ocmnection  iritti  the  cord,  is 

'  ibllowod  bj  no  eJTuct.     Imtution  of  tho  dietal  portioua  of 

the  divided  posterior  root*,  on  tlie  other  liand,  ]irodtiros  no 

ntttwuliir  noToauiDta  and  ao  manifMUtioD  of  pain ;  fur,  aa 

alnaiy  stated,  aenaitive  nerres  ctm-ny  impraaiona  oti^ 

toirnrds  tlut  nerroiu  oeotn* :  but  iiritation  of  the  pro-iimal 

.  portiODi  of  th<«o  nx>t»  «licit  signs  of  inteiiuw    aidSnring. 

'  Ocetmoaaily,    under  this  Ust  irritatioa,   umH^uInr  morft- 

]a«uta  also  ensue ;  but  tliene  are  eitltia-  Toluntaiy,  or  the 

result  of  the  irritation  bong  reflcct«d  from  the  senaiiim  to 

the  motor  tibree.     OccaaoooUj,  too,  iiritation  of  th<!  di»tal 

finds  of  dirid<Hl  auterior  njodi  <'.liciUi  nigns  of  pain,  aa  well 

ne  pToduciag  miuwultu:  taorcrnents :  the  pfdo  thus  excstad 

is  probably  the  result  oi  cramp  (Brown- Sefjuard). 

As  tin  oxaiiiple  of  tlio  ex[M!rimrFn(«  of  wliich  the  preced- 
ing pamgrnph  givoa  a  siimRinry'  account)  this  may  be 
mentioned  ;  If  in  a  frog  tJie  three  poKtiirior  roots  of  tho 
nnrvcs  going  tn  tlii)  hinder  extremity  bo  divided  on  the  left 
side,  and  the  three  antenor  roots  of  the  correepoudtng 
aerviw  on  the  right  aide,  the  left  exlremily  will  be  deprived 
of  MiiMtion,  the  right  of  motion.  If  the  foot  of  the  right 
leg,  vhich  is  still  endowed  with  Bensation  but  not  witli  the 
power  of  motioD,  be  i-ut  off.  tlie  frog  will  giro  evidence  of 
feelirg  pain  by  movementa  of  all  porta  of  the  body  except 
the  right  leg  itaelf,  in  which  he  faels  the  pain.  If,  0:1  the 
contrary,  the  foot  of  the  left  leg,  wliit^h  liaa  tho  power  of 
malion.  but  is  deprived  of  sensation,  ia  cut  off,  the  frog 
d(M!M  nut  fool  it,  and  no  movement  follows,  except  the 
twitching  of  the  muscles  irritAtcd  by  cutting  them  w  their 
tendons. 


F\tnetitmt  of  the  Spinal  Cord. 

71ie  B{»nal  covd  manifests  nil  the  proportisa  already 
assigned  to  nam  centres  (see  p.  483). 

t.  It  Is  capable  of  tonductiug  iiuprmtious,  or  states  of 
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n«rToufl  excitenMnt.     Through  ft,   the  {inpr«6soiis  nuik 
tiptia  tli«  peripheral  extrenutiea  or  utlior  ptwta  of  Uw  f|iiul 
senaitiTD  turres  mo  cnndnctad  to  the  hrain.  when  aiaat 
tiuij  can  bo  pwvcJrLi]  hj  tliA  mind.     I'broug^h  it,  oIm,  tfat 
trtimalufl  of  tb«  will,  applied  to  the  brain,   ia  capalie  tf 
«xcitiii(c  the  action  of  the  inuadoa  anpplied  from  it  vrlb 
motor  nervos.    And  for  «U  tboM  condactioiis  of  impi«eaion 
to  aud  bo  betireen  ihe  bnua  and  tbo  apioal  qottm,  tlw 
porfnct  »tat«  <^  the  cord  is  aeoeoMiy ;  fur  whan  an;  poi 
of  it  IB  destroj^ed,  and  it«  cDBununicatton  with  the  brain  ii 
{atcrrupt«d,  iiaprcMtona  on  the  MnatiTO  nervea  given  ctf 
firom  it  Wow  tlu)  Mot  of  iBJuty,  ouaM  to  be  propagattd  to 
thfl  brain,  and  Uio  mind  kww  the  pov«r  of  ToliutsnlT 
uxciting  (hu  mobor  nemo  ptooeoding  from  the  portioB  el 
cord  isolatod  from  the  brmn. 

lUuatrationB  of  this  niv  fViniished  by  various  "trnftit 
of  paralj-Hia,  but  by  none  better  than  by  the  cnmmoQ  pat*- 
pht^^a,  or  lou  of  •eDsntion  and  voluntary  motMH  £n  tht 
lower  part  of  the  body,  in  consequent-o  of  dcatroctin 
diooaao  or  injuiy  of  a  portion,  including  the  whole  tluii- 
neas,  of  the  epioal  Lvrd.  Buch  lenoos  deotroy  tho  oani> 
niunication  between  the  brain  and  all  (larta  of  the  qdail 
oird  bolow  thu  neat  of  ixijiuy,  and  coasoquently  cot  off 
from  their  connection  with  tbo  mind  the  varioua  uiganf 
(iujil)1ii-d  with  n«rve«  issuing  ttoia  thoaa  parla  of  the  ooid. 
But  if  tliis  lowirr  portion  of  the  cord  prooorres  its  iuU^ty, 
the  variouB  parts  of  the  body  supplied  flith  uvrvua  from  it, 
though  out  oU  from  the  brain,  will  uevurtliulMs  be  Bubject 
to  the  intluciK-n  of  tho  cord,  and,  um  prcvcntly  to  be  ahawn, 
will  indicate  it«  other  powers  as  a  neivoua  ceotn). 

From  wlmt  has  bueu  ulniudy  Aaid,  it  will  appear  probaUo 
that  the  conduction  of  impressions  along  the  cord  is  infected 
(at  least,  for  the  most  part)  through  the  grey  aubstaooe^ 
t^.,  tlirough  t)in  iii!rve-(rorpUBclt!S  and  filaments  connecting 
them.  Dut  tliero  is  reason  to  bolicvo  tliat  all  i>arts  of  the 
cord  are  not  alike  able  to  conduct  all  iupreosioDa;  and 
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th«t.  rather,  aa  there  are  separata  nerre-fibres  for  motor 
anil  for  smudtivii  impriisiionx,  no  in  the  i'»rd,  M!|iarate  and 
dnterminata  ports  eorre  to  conduct  oltnijrs  th«  same  kiud 
of  impreosion. 

The  important  and  philosophical  laboun  of  Dr.  Brovn- 


*  Tha  nboT«  dingTBm  {oJtpr  Brown-S^i'iuiLnl)  rDpniMuts  tlie  ilBcni- 
■allon  of  tlio  condncton  far  voluntaty  movBincnts.  and  thou  for 
■cnnlion  :  a,  r,  anterior  rooLi  anil  their  coiitianlions  in  Ihr  E|'inal 
oMd,  «nil  dKnMitian  it  Ilic  ]<mer  pun  of  the  mcdnlU  oblcnigmti,  m  »; 
Ji  r,  the  iKMtcrior  mots  uid  Ui«ir  nrntinuntion  uiil  dccuMation  in  thn 
wfiOiH  conl :  !/  g,  Hk  gaugliuuv  of  IIm  motx.  Tim  nrrowi  ln<,lii»t«  tho 
dineti^n  of  tli?  ufrroui  octiau;  r,  tliu  rtglit  huUi  ;  I,  tliv  luft  liilc. 
I,  X.  3.  iiidLFalp  |>lni-pii  of  ulteintiuu  in  a  liU'rul  Iwlf  <i{  tliii  apiuo- 
otvfbnl  »iiii,  to  ibow  tile  iaflueiuio  ou  Iha  two  kinds  of  ojtirluotoni, 
rMnltin]{  from  lectioii  ol  tha  cord  at  onjr  obd  of  thus  tUroc  pl^Ms. 

X   X 
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Siqnard  havo  cwt  much  trnr  lig'ht  on  all  reIatiD[[  la  At 
fluctioBB  of  tbe  spiiuil  cord.  It  is  not  poMoUi » 
do  jtiatJM  to  theae  inTUtigaticRia  in  unj  Bumnutij,  fate 
erer  lengthy  nnd  oomplnto :  tbo  wholo  Mnm  (lUirari 
in  lectuTM  at  the  OoUeee  of  Sargooas,)  nnrt  b 
road  and  studiML  An  aUnmpt  will  lie  m^e  hen 
point  but  only  the  prindpat  eonclusioas  dadncibk  fi 
thwn. 

0.  EensitiTe  impfCMJOM^  oo>BT«jed  to  the  epioMl  cord  ligr 
loot-fihtvn  of  thfl  portcrior  iintiw  arc  not  coi»Iui-b^  to  & 
fcnun  hy  the  poet«rior  oolomns  tJ  the  cord,  aa  hithrrto  bm 
beeD  f^oerully  HDppoKMl,  but  pass  through  them  into  At 
contrnl  gri-v  nihslaaEe,  bj  vhlcJi  th^  oro  tivacmiCtdl  M 
th«  braJD  (ti;^.  142}. 

b.  Till)  iinprnudoiui  thu*  coavtfisl  to  tho  gjvj  mhltim 
dd  not  pan  up  to  the  brftin  along  that  half  of  the  md 
Mvreqw&ding  to  tbe  aide  tnm  which  they  haT«  tto 
received,  l>ut,  almost  imm«diately  nfter  entering  the  aai, 
<TOK!i  over  to  lite  Other  liin,  and  along  it  nre  Iransmittid 
to  the  bmin.  Th«r«  i«  thiw,  in  the  cord  ilaelf,  a  i-otnpMi 
decuesaiioD  of  sennitivc  impreaaiona  brought  to  it ;  to  dM 
division  or  diiuMuw  of  one  portorior  half  of  the  md  ii 
followed  by  lost  MDsation,  not  in  parts  on  the  (i»» 
Hpondiu^,  but  ID  those  of  tbe  opposite  side  of  the  body. 

e.  I'ho  vnriotu  sensatioDB  of  touch,  pain,  tero; 
and  musrulnr  oontiaetion,  are  probaUy  conductud 
si>]>!irate  aiid  diitttiict  ncls  of  fibre*.  AU,  hownrer,  wSh 
tli»  excrjitinn  of  tlte  last  named,  undergo  d««uasa(Ion  in  the 
epinat  coTd.  and  aloii^  it  ore  transmitted  to  ttiv  bram  \j 
tbe  Rrey  mattur. 

d.  Till!  pontcrior  colitmns  of  tho  cord  t^poar  to  hare  s 
gmat  share  in  reflex  moreinietita,  and  this  is  the  prindpd 
cause  of  the  peculiar  hind  of  pnrnlyms  so  often  olMcnst 
in  disAiuw  uf  these  columns. 

t.  Impulses  of  the  will,  lisadlng  to  Toluntaiy  contractioos 
of  muscles,  api>ear  to  be  transmitted  principally  along  (be 
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rior  rolumns,  and  tlie  conliguona  gny  matter  of  tb« 

/.  Dwnssation  of  motor  impulses  occiin,   not  in   tko 

ptnol  cord,  as  U  tlio  caix!  yt'iih  aemdiivti  impmwioDs,  but, 

[as  hitherto  ndmittsd,  at  tho  nnlcrior  part  of  tlie  medulla 

Dblonj^ata.    This  dMuandoD,  howerer,  doe*  not  tulcu  pkoo, 

geiMirnlly  supposed,  nil  along  Hut  mmlion  Iin«,  at  the 

of  tli«  «DcoplialoD,  but  only  nt  that  portiou  of  the 

aterior  pj-romids,  which  U  continuous  with  tha  lutvrul 

of  the  ronl:     IIcn(«,  the  uandat«H  of  tho  will, 

Aviii^  rando  thoir  dtioiumtion,  tint  enter  tho  cord  by  the 

eral  lra<^  and  ndjoining:  groy  matter,  and  then  psss  t> 

anterior  columns  and  to  tlio  gr«y  matter  owmciated 

rith  them.    Accordingly,  diTision  of  tlio  anterior  pyramids, 

tbe  point  of  decussation,  is  foUowed    by   paralysis  iif 

on  in  all  purtH  Ixdnw ;  while  division  of  th(i  olivary 

lios,    wltirh    (ionstitiit«    tho    true  vontinuations  of  the 

aterior  columns  of  tho  cord,   appears  to  produce  very 

ttttlo  pnmlysi*.      DitciiNii  or  division  of  any  part  of  tho 

ebro-Bpinal  naaalov*  tho  eont  of  <lecH»atian  is  followed, 

well-kDOllD,  by  impaired  or  lost  power  of  motion  on 

iia  ofpont*  sidu  nf  tim  body ;  wlulo  a  liku  injury  inflicted 

ifow  this  part,  induces  similar  paralysis  on  the  oorrv- 

oondi>\9  side. 

3.  In   tlui   «cond    plnre,    tlie  i^iinal  cord  as  a  rniro- 

p.  or  rather  ns  an  aj^gref^ate  of  many  nervous  centres, 

the  powor  of  oommunieatin'j  imprtt»u»nt  in  the  several 

ttya  already  montianod  (p.  4S5). 

Examples  of  tho  tranxjertnct)  and  radiation  of  impressions 

the  cord  hare  been  f^veu;  and  that  the  tranafereutn  at 

I  takM  plao»  in  tho  cord,  and  not  in  the  brain,  is  nciarly 

hyUunm  of  pnin  fdt  in  tho  knee  and  not  in  Uw 

bip,  in  diseases  of  the  hip :  of  pain  felt  ia  tho  urotltra  or 

'glous  pviiis,  and  not  in  the  bladder,  in  calculus;  for,  jf 

both  tho  primnry  niid  tho  sucondnrj-  or  trannforrod  impTe«- 

.  were  in  the  briun,  both  should  be  always  fbtt.     Of 
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t«iliatio<D8  of  impnMtoiu,  Uiem  an.  perka|tf,  tin 
of  deddio;;  wliether  thej  Uke  place  in  tli«  epmal  eati  « 
ID  tlui  hnua ;  1)ut  liie  analogj  of  the  cases  of  tnuuCnM 
laaltM  it  probable  that  the  communJcAtion  u,  in  this  aW 
i-ffoi^tM  in  tfa*  cord. 

I'hi)  poirnr,  M  a  Qorve-Miitre,  of  cxtminuiLi'^iitiBf  » 
preuiona  from  aenritive  to  motor,  or,  moro  strict]]-,  Am 
c«ntri))etal  to  ocntrifuf^ol  nerre-fibres,  ia  what  ift  <■ 
dUcii«i>i<d  M  thn  rf/lfx  fuimtioii  of  tho  spinal  covl  li 
gonerol  mode  of  action,  its  general  though  iiwoMiiili 
indepftudeocD  of  oonadotunen  and  of  ths  will,  aai  it 
conditiDD*  Rccfwuuy  for  ita  porfnntion,  havo  been  alm^ 
stated.  Tlie«e  points,  and  the  extent  to  which  the  fmt 
oymialftt  in  lliu  production  of  the  natunl  fv/Zna-  wfliwa* 
of  tlie  body,  bnro  now  to  be  further  iIltuitimt«L  tb^ 
will  l>e  dcecribed  in  terms  adapted  to  the  general  inht  rf 
ntflmlicm  of  imprfistionH  iu  narvoiu  contmo,  AToidiaj  li 
BUrh  terms  bm  might  seem  to  itnplj  that  the  power  of  di 
Bjiinal  tx>rd  ia  reflecting,  ia  dii^trent  in  kind  from  that  it 
h11  otht!r  nmrous  ceotrca. 

The  occurrence  of  morements  under  the  inflnenoe  of  tk 
Hpinal  cord,  and  indiigMMiddnt  of  tho  will,  is  well  exen^tiM 
in  till)  acts  of  awallowtng,  in  which  a  portion  of  tatt 
cfuried  by  Tolimtaiy  effarta  into  the  fouoea,  in  conTCjed  If 
sucoeMiivo  involiiiitary  contractioiia  of  the  CooatricCon  of 
tbo  phnnrnx  and  muscnlar  walls  of  the  oeeophagiia  iatt 
the  stomach.  These  contractions  aie  excited  hy  the  atina- 
Iiu  of  the  food  on  the  centripntal  uerroa  of  the  pliatjw 
and  tr-iophngtu  being  fint  conducted  to  the  spinal  ond 
and  modulia  oblongata,  and  thence  lefleoted  throngh  tbt 
motor  nerves  of  theae  parts.  All  these  movement*  of  ths 
pharynx  and  ceaophsgus  are  inTuliintiirr ;  the  will  coniM 
arrest  them  or  modiiy  them ;  and  though  the  mind  has  a 
rtrtain  consciuusneita  of  tho  food  piucxiiig,  ^rhich  beeomM 
leas  as  tJie  fooi  passes  flirther,  yet  that  this  is  not  nacca. 
aarj  to  the  act  of  deglutition,  is  shown  by  ita  npnipring 
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Iwhisti  tbif  infliumrM  of  tlio  minil  ia  completely  removed ;  u 
rwhtnt  fcxl  is  introducvd  into  thei  faucee  or  pharynx  duriDg 
.  state  of  comi>]«t«  oonio,  or  in  a  bratnlcan  animul. 
So  tttao,  for  cxiiin|ilc,  undtr  tbo  influeoco  of  tho  spinal 
IjDOrd,  the  involuntary  and  unfelt  muscular  ixintrat'tion  of 
tm  »ptiineler  ani  iH  maiutoijied  when   llio  luind  it  com- 
ely iaai-tiro,  lu  in  d«rp  nWp,  liiit  comm  when  the 
or  jMtrt  of  tlie  cord  is  destToyod,  and  canoot  be  main- 
lined  by  the  nilL 
The  iudejMiidence  nf  titn  mind  raanifcstdd  by  tbo  roflect- 
pownr  of  the  cord,  is  flirtber  ehoirn   in  the   perfect 
urrvnce  of  the  rellex  movements  when  the  sjitaal  cord 
land  the  brain  are  di«L-onn«vlcd,  as  in  decuiiitated  luiimalii, 
iattd  in  ntHCti  of  injuriin  or  duioiwce  «o  nffuctiug  the  spinal 
ord  OS  to  diviili)  or  disorgnoize  its  nbole  thickness  at  any 
,  whose  perfi^ction  is  not  esseutial  to  life.     Thus,  when 
li«  liuiul  of  »  HtuKl  ix  irut  "IT,  tin;  trunk  mmiiins  standing 
Ion  tbe  fed,  nnil  the  body  writbos  when  the  skin  is  irritated. 
[If  the  ojiiuiat  Ih-  uut  lu  tvm,  this  lnwur  portion  can  bo  ex- 
Lcdfttd  to  motion  an  well  M  tho  upper  jwrtion  :  tho  tail  may 
jbe  divided  into  several  segments,  and  eatli  ae^cut,  in 
which  any  [jortioii  of  Bpiiiul  cord  !■  <'<mliiiin'd,  contrncts  on 
I  tho  slightc*t  touch  ;  even  the  extremity  of  the  tail  moves 
lea  before,  as  soon  ss  it  is  touched.     Ail  Hia  portiotui  of  tho 
I  MnimjJ  in  which  thcnc  movumi^nta  cna  bo  oxcilod,  contain 
[  eome  port  of  the  spinul  cord  ;  and  it  is  OTid«ntly  the  cause 
of  the  motions  excited  by  touching  the  surface ;  for  they 
cnniiot  l>o  i'x<ntoil  in  purtn  of  the  ntiimnl,  howowr  Urge,  if 
'  no  part  of  the  cord  is  contained  in  them.     Mechamcal  irri- 
Ftatioa  of  the  ekin  oxcitM  not  tlio  slightest  motion  in  tho 
■  when  it  is  separated  from  tbe  body ;  yet  tbe  extremity 
f  of  the  tail  mores  as  soon  as  it  is  touched.    Tliu  same  powtr 
of  tho  spinal  cord  in  rvtlocting  imprrxsions  will  cause  an 
eel,  or  a  frog,  or  any  other  cold-blooded  animal,  to  roovo 
along  oiler  it  is  deprived  of  ila  bead,  and  whvn,  however 
[-much   tho  movements  may  indicato  purpose,   it   ia   not 
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prolnble  tbat  comacwunum  or  will  hha  an;  bliare  b 
them.  And  so,  in  Iha  liuuuut  subject,  or  any  wntii< 
blooded  uiimal,  wbcu  (Im  cord  ia  compleUly  diridij 
M«M,  or  so  diseased  «t  eom«  part  llttU  tlie  iniltuBa 
of  the  mind  cauDot  be  coovejed  to  the  parU  below  'i, 
tlio  iiritatioa  uf  iiiij  ]wn  of  tlio  auHkce  supplied  hg 
MTVW  giroD  oiF  Iroia  tlio  vtml  below  tlio  neat  of  iujiar, 
is  oommonl;  followed  hy  spaemodic  and  irrpgulAr  vdia 
morcments,  even  thoagh  iu  die  healihy  state  of  Um  (wil, 
Midi  inToInataiy  noreotcnto  oould  not  be  exoil«d  wliilt 
Ota  •tt«Btioo  of  tlie  mind  tu  diivctod  to  tlic  irriutiif 
tauBh 

la  tlw  fiwt  ]&«t  iDcntionml,  is  on  illttstratioo  of  an  iatpcs- 
taot  difference  between  the  warm-blooded  and  th«  low 
aniniala,  iu  regard  to  llie  reHecling  power  of  the  spinal  cod 
(or  lis  bomologuo  in  the  lnvcrt«briit4i),  and  ttio  liuuv  w: 
it  iOld  die  brain  bave,  rettpectivel^,  in  deteruiinin^  ? 
MTCTul  ujituml  moTinueuU  of  tlie  body.  Wbea,  fiir  a- 
omplo,  a  frug'a  hcnd  is  cut  off,  tlio  liinbfi  romalu  in,  n 
usunie,  ft  natural  poailioo ;  resume  it  vliea  disturbed ;  uA 
wliou  lliu  abduntt^  or  buck  ia  irritated,  tbc  foet  are  moni 
with  the  manifest  purpose  of  pushing  nwny  the  irritotioiL 
It  is  OS  if  tlie  miud  uf  tliu  ouiiual  were  «tJll  en(;Bg«d  in 
Iho  fuA'J'  But,  in  diviiiioD  of  the  humnu  npinal  co: 
lower  extremities  fall  iuto  any  position  that  tlicir 
and  tl;i;  r«ni»taiic«  of  turrouiiiliu^  uliJMtd  cxmibioo  to  gin 
(hvw  ;  if  the  body  in  irritated,  tho;  do  not  move  towarit 
the  initatiou;  and  if  tbtnuselTes  are  lowihed,  the  nom- 
iq^uent  movcinmt^t  aru  diconli^'ly  and  |iurpoacle«s.      Now,  if 


*  Hm  arident  idiii>UtIon  and  parpow  in  the  morenMnlaofthaf 
Uoodtd  uuidbIi,  havu  lt«l  Miirio  ti>  think  Ibnt  ibny  miut  Iw  ■ 
and  capaliln  at  «ill  wilhoul  their  >iTiUn).     Hut  pur^Mira 
■ra  no  proiif  of  coiiKriixiHiieu  or  will  in  Iha  crtintnr*  nwuifeatingl 
Th«  tnov«m«iit«  or  (hu  limlii  uf  lieuUeu  tioip  am  not  tBar«  [ 
Ihui  tlM  nomnmU  of  our  ow[i  retpinloij-  iiiuwln  are  ;  in  wUeb  •* 
kaow  that  ucithet  will  nor  cotisdoiuiivia  ia  at  all  ttiuu  coimniod. 
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w«  aro  justified  by  analogy  in  ascuming  Umt  tko  will  of 
Uie  Irog  fiiuaot  act  mora  than  tb*  will  of  maji.  tlirougU 
tlu  ipifial  cord  aeiMUtated  from  the  btaia,  thm  it  muM  be 
admitted  tiiai  mauj  nion  at  the  notuml  ontl  purposira 
monanents  of  dio  body  can  Le  perfonned  tuider  the  sole 
influence  of  the  coed  ia  the  frog  tbui  iu  luan ;  uiid  what  ie 
tnia  in  the  iatrtnca  of  thcMi  tvo  specaaa,  is  gonerally  true 
also  of  the  wholo  olaaa  of  cold-Uuoded,  ae  distingiiuhed 
from  varm-biooded,  animals,  It  may  not,  todeod,  be 
lUMUmed  that  tho  acts  of  itandmg,  leaping,  and  other 
niov«ments,  which  decapitated  coJd-bloudbd  uninula  can 
peifann,  are  alao  alwaya,  in  the  eutixe  and  hoalthy  state, 
{Wcfonncd  invoIuDtanly,  and  under  the  sole  iuflunaiuo  of 
the  cord ;  but  it  ia  probable  that  sudi  ucta  inny  bey  and 
commonly  are,  ao  purformctl,  tho  highor  nerve-oentrea 
at  the  animal  having  only  the  some  kind  of  inDuouce  in 
nodtfying  and  directing  them,  that  thoee  of  num  hnvo  in 
modifying  and  djroutuig  the  movcmiiuta  of  the  respiratory 
muadcfl. 

The  fact  that  such  mOTemeats  as  are  prodtiix-d  by  ini- 
(atiii^  tlie  akin  of  the  loux-r  <^xtreiiiitica  in  the  humoD 
subject,  after  dirisioD  or  disorganiiaUoa  of  a  part  of  tlwi 
spinal  cord,  do  not  follow  the  same  iirilatlou  wht'n  tlw 
mind  is  actire  and  conuoctvd  witli  llu>  cord  through  the 
broia,  is,  probably,  duo  to  tho  mind  ordinarily  perceiving 
tbe  irritation  and  ioatantly  controlling  the  muaclea  of  the 
irrilated  and  other  parts  ;  for,  l*vimi  whi-»  tin)  »ir>l  is  per- 
fect, such  involuotary  tuovcmcnt«  will  oflfu  follow  initAtion, 
if  it  be  applied  when  the  mind  is  wholly  oc«upJed.  Wban, 
for  example,  one  is  atiicionslj-  thinking;  imn  alight  stimuli 
vin  produce  involuntary  and  redox  movratMils.  Ho,  also, 
during  sleep,  such  reflex  moremeiits  may  be  obaerred  when 
the  skin  is  towlted  or  tickled;  for  example,  when  one  toiicJics 
with  the  ling«r  the  palm  of  the  liand  of  a  sleeping  child, 
the  finger  is  grasped — the  improstiioa  on  thu  skin  of  th« 
l^alm  producing  a  rcllex  movement  of  tho  muscles  whidi 
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doM  the  hand.     But  «h<-n  tho  chtM  is  awake,  no  mb 
oflect  i*  produciid  bv  a  elniiW  toucli. 

On  tbo  whole,  it  may,  Irom  theite  and  like  {oxAm,  h»  m- 
diided  tbat  the  proper  rvflex  acM,  prrinrnii.il  under  de 
iaflucnoe  of  the  reflecting  power  of  tho  F{>iniil  cati,  Vt 
Kmiiiliiillj  todqMDdeitl  of  the  hmia,  and  may  be  perfannd 
perfectly  vheo  tho  brain  is  H^anLtod  from  Uki  cord :  *  liil 
tliMu  iuclade  a  much  hapit  number  of  the  nattml  oi 
purpocivo  mavomonta  of  tlie  lower  animals  than  of  tk 
warm-blood^  animaU  and  man  :  and  that  over  noarlf  iD 
of  them  Ute  injiid  uay  ejc«rm»e,  tlirou(;li  the  brniu,  BOM 
control;  detenninin^.  dlreotiiig,  hindorin^,  or  raodtfjis^ 
them,  either  by  direct  action  or  by  ita  power  ov«r  Baswiarf 
CDuedw. 

In  this  fad,  that  the  reflex  moremetits  from  the  <m1 
may  be  perfocUy  pttrfurmcd  without  the  intierv«ntiaa  rf 
conaciousnew  or  will,  j-et  arc  amcmiiblo  to  tho  caAd  <i 
the  will,  w«  may  see  tlieir  admirable  adaptation  lo  Utt 
wiJt-IjeiDg  of  tho  botly.  Tliuii,  f«r  nxampto,  tho  irvpintoi; 
moveiRonts  may  be  performed  while  the  mind  ia,  in  Other 
things,  fully  oeuujii^d,  or  in  sleep  povrerlutM ;  yet  in  la 
ifOiisTgmPx,  X\m  niintl  rnn  diruct  and  «trcQgthpQ  them :  cai 
it  can  adnpt  them  to  the  several  acts  of  speech,  effort,  eic 
Being,  for  ordiuai;-  purposes,  independent  of  tho  will  tak 
ooiivciouHucss,  they  are  performed  peiAictly,  without  expe- 
rience or  education  of  the  mind ;  yet  they  may  bo  cntplofvl 
for  other  and  extraordiuury  vm^n  when  Urn  mind  wills,  smI 
■0  Jar  OS  it  acquires  power  oror  thorn.  lieing  comnoi^ 
independent  of  the  brain,  their  constant  oontinunQce  dots 
not  ]irodui:e  wearlntiss ;  for  it  is  only  in  tho  brain  that  it  or 
any  otlun-  Keuisatiou  cnu  bo  poreoircd. 

His  snbjectioD  of  the  nusolea  to  both  the  apical  card 


*  RuQez  aiDveuient^  recurring  quit*  unkpeadently  of  MHatkm,  si* 
i;nieimll}r  cnllol  amttfm6t«T ;  tliow  vrhicli  m  guldtd  or  >ccoa(MinU 

by  unntimi.  but  not  t«  tho  extent  of  %  dittiiLet  ]>«n«p(iiin  or  tntiBii 
tusl  pfocen,  ntv  tenutd  tanoH-mator. 
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mmI  fho  tiTniD,  tnnknH  it  difficult  U>  <lct«nnin«  in  man  vhaC 
noronKMitii  or  what  shniro  in  my  of  thom  con  bo  amigDed 
to  the  reflecting  power  of  the  cord.  The  (act  thnt  uft«r 
diTLMoa  or  diadrjtnniKiitioii  of  u  port  of  tho  cord,  move- 
LflUOts,  tmd  even  forriblo  though  purpo«eloM  oiio>,  nre  pro- 
f  Aioed  in  tli«  lower  Umba  wb(iu  the  akin  is  iiritsted,  prows 
that  tlio  npmul  cord  cod  rvfloet  a  stimutiu  to  the  action  of 
the  museks  that  are,  natuiallj,  moat  iindor  tlio  control  of 
the  w lU ;  ajid  it  is,  therefore,  not  imiirobablo  that,  for  even 
the  inToltintnry  action  of  tho.wintisi'In",  whon  the4K>rd  i»  ]>er- 
fect,  it  may  supply  ihn  nervoiu  stimulus,  and  the  will  tlin 
dirtction.  Ah  iimtiUKMs  in  which  it  supplies  both  stimulus 
and  direction,  that  is,  both  cxcit«>s  and  ilelcrminissi  tJmeom- 
binalioD  of  musclM,  may  be  muntiuned  the  acts  of  the  abdo- 
miual  muxcloit  in  vomiting  and  voiding  the  contiiits  of  the 
bladder  and  rectum ;  in  both  of  which,  though,  aflQr  tlio 
period  of  infancy,  llie  muid  may  have  the  power  of  post- 
poutng  or  modifying  Iho  ad,  tlii^ro  itro  all  tin;  evideuees  of 
hisAox  artion ;  namely,  the  necessary  procedenco  of  a  Mti- 
'  bdIiu,  tho  iudeiiendenco  of  the  will,  and,  Bouielimes,  of 
tvaedoiuaom,  the  combination  of  many  muscles,  the  par- 
feotioft  of  the  act  witliout  the  help  of  education  or  experi- 
enoe,  nod  il»  failure  or  imiuirfts  tion  in  discttso  of  the  lower 
part  of  the  cord.  Tho  emission  of  somen  is  equaUy  a  reflex 
act  gorened  by  the  spinal  cord :  the  irritation  of  tho  glana 
pen ia  conducted  to  tlie  spinid  cord,  and  tlienco  reflectod, 
excites  the  successive  and  co-ordinate  contractions  of  the 
IJBnMttlar  fibres  of  the  voaa  defereotia  and  vesicuhe  eemi- 
J-  and  of  tho  accelerator  urimo  and  oth«r  niuiwlet  of 
the  urethra ;  and  a  forcible  expulsion  of  semen  talies  place, 
QTOr  which  the  mind  lias  little  or  no  control,  and  wbioh,  ta 
CUM  of  pnraplcgin,  mny  be  uniolt-  Tlie  erection  of  the 
penis,  also,  as  already  explained  (p.  185),  appears  to  be  in 
part  the  result  of  a  reflex  contruttiun  of  tlie  inusclea  by 
which  the  veins  nrtuniing  the  blood  from  tho  penis  aie 
oooipressed.     Irritation  of  the  vagina  in  sexual  iutercuurM 
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i^pooTB  aiaa  to  bo  propagated  to  the  Bpiiuil  oord,  and  thtut 
raflMtod  to  tlio  motor  nnrrea  fiupi>lyu){[  tlm  FuUupiua  tuUfc 
The  involuntu;  action  of  tlw  uterus  in  expelling  its  oeci' 
unto  durinji;  parltiritiou.  Is  also  of  a  puroly  rvOex  kind, 
dopoad«mt  in  port  upon  tiw  KpiniJ  oord,  though  in  put 
alao  upon  the  qnopathetic  sysUim :  its  independence  oT  ikc 
brain  beinj;  prorad  bj  oasee  of  delivery  iu 
womon,  aiut  nov  mor*  abundantly  Bhown  ia  tiie 
dUoTofona. 

Beaidea  these  acta  ragularl/  performed  untlor  tlw 
«ace  of  the  reflectiiig  power  of  the  ex>>iiid^  ooni,  oihen  ■» 
manifested  iu  accidents,  such  as  the  woremdnt  of  Um  limbi 
uud  uthirr  piui»  to  guiird  the  body  nguinet  tbe  eSvM  d 
sudden  daoger.  \\'hen,  for  example,  a  Umb  la  ]irickod  «r 
Btnick,  it  is  iuataiiily  and  iuvotuntarily  witbdravn  &Qia  tis 
iartrufunt  of  iiy'ury ;  and  the  saaie  preaervative  Uadeuj 
of  the  nflex  power  of  tlie  txird  is  abown  in  tbe  outetretclul 
anas  wIm^r  fiiUitig  forwitrde,  and  their  reversed  powlM 
when  falling  backwards ;  tbe  action,  although  appanM^ 
Toluntarj,  beiug  rouUy,  iu  most  cattai,  oulj  aa  iwrtanwr  d 
r«6ex  action. 

To  th«ae  instaooes  of  epinid  reflex  avtlon,  noma  add  jBl 
nmny  more,  iududiog  noitrljr  all  tlio  acts  which  seem  to  be 
perform«<d  unconsciou&ly,  such  aa  tboee  of  walkinji;,  nmnisg^ 
u-ritiug,  and  the  like :  for  tbeee  are  rvally  involuntaiy 
acta.  It  ift  true  that  at  their  first  performaacos  th^  an 
voluntnr}-,  that  (boy  rvfjiiini  odunitioii  for  thoir  perfijctka, 
and  ore  at  all  times  so  ooustantly  performed  in  obodiom 
to  a  mandate  of  the  will,  that  it  is  diflicult  to  belien  in 
tbetr  essentially  in%-oluiitary  nntiiro.  Dut  the  will  ntllj 
han  only  a  contrvlUng  power  over  their  performanoo;  it  can 
hasten  or  stay  them,  but  it  has  little  or  sotbing  to  do  with 
the  a«:tiiBl  cirryiiig  out  of  the  effect.  And  tbia  ia  prond 
by  the  circiiniiitanL«  ihut  iheae  oota  can  bu  {"■'f^rnted  with 
complete  mental  abHtriu;tion :  and,  moro  than  tbia.  that  thi 
oudoBvour  to  carry  them  out  entirely  by  tlto  oxerciM  of  the 
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will  U  not  oiily  Dot  ben^iiclal,  but  positively  iiit«rf«res  irith 
their  liaraiouiouB  and  perTect  performance.  Adjoua  msy 
eoftniin  litnuelf  of  this  fact  by  tryitt)^  to  tnkc  iwch  st«p  lu 
a  Toluntuy  act  in  wrilking  down  stairs,  or  to  form  each 
letter  or  word  in  ViTiling  Ly  a  distinct  exerciw  of  tho  will. 
These  octiotLs,  however,  will  be  again  refi^rred  to,  wlt«a 
treatiu^  of  ibdr  poaaible  eonnection  willi  tliu  fuDotioiu  of 
the  Bo-called  ttnsory  yiin^ia  (p.  523). 

Tlic  plu'Domtinu  of  npiiial  reBi-x  ncttODS  in  nan  uremuoh 
nuire  slrikiDgand  unmixed  in  oa«ea  of  disease.  la  6ome  of 
thcai),  tlie  t^ect  of  a  morbid  irritation,  nr  m  morbid  irri- 
tability of  the  cord,  is  wry  simplo;  as  when  the  local 
irrilJition  of  eeusitiro  fibres,  beiu^  propagated  to  tho 
^unal  conl,  cicitea  merely  local  Kpitsmii,— sposnis.  nnmcly, 

'  flf  dio«e  muscles,  the  motor  fibres  of  which  arise  f^m  tho 
■Btne  part  of  thci  spinal  cord  aa  the  sensitive  librea  that  aru 
initated.  Of  sudi  a  c.-uii<i  wo  have  iiistani^ts  i»  tho  invol- 
nntary  spasniodic  contraction  of  muscles  in  llie  immediate 

^Btighbuurhood  of   intlumeil  joiuta;    and  numerous  other 

rfliamples  of  a  liko  kind  might  be  quoted. 

In  otiior  insiaDoes,  in  which  we  must  assume  that  the 

I  And  it  morbidly  ninre  irrilublo,   i.r.,  apt   to  issue  dmhv 

faoTOiu  throe  than  is  proportioDate  to  the  stimulus  applied 
te  it)  A  slight  improssioa  on  a  seuaitive  nerre  produceii  ex- 
tensive reflex  movt^meiitx.  Itii*  uppoars  to  bothe  ronditioo 
in  tetanus,  la  which  a  elif^ht  touch  on  the  skin  may  throw 
the  whole  body  into  couvuhiiou.  A  similar  ntnto  is  induced 
by  the  introduction  of  etryehuia,  and,  in  frogs,  of  opium, 
into  tiie  blood ;  ami  numerous  experiments  on  trogx  thus 
de  tetanic,  have  shown  that  tho  tetanus  is  wholly  uncon- 
^"SActed  with  the  brain,  and  depends  on  the  state  induced  in 
the  si>inal  cord. 


It  may  seem  to  Ikavo  boon  implied  that  tho  spinal  cord,  m 
a  single  nervous  centre,  reflects  alike  Irom  all  ports  all  the 
iupnssions  conducted  to  it.     But  it  is  more  probable  that 
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it  alimild  Iw  rpfnu<l^  >"  f^  coll^clion  of  dcttoiik  mtni 
imitod  ia  a  coDtiiiuouii  column.  lliU  ia  made  probaUe  hf 
tbo  fiact  that  0e^;iikent«  of  th«  oord  may  a«t  (i«  dutUitH  bo- 
vous  ^entree,  and  excite  motions  id  tli«  porto  Rujiplin!  vi& 
lU'rviMi  gircD  ofF  from  th«ia  ;  aa  veil  oa  by  the  aDalt>gy  d 
<»rtatD  «tsea  in  which  tho  mtucnlur  moremcutM  af  niigk 
orgaiw  are  under  the  control  of  certain  ciitninuicrilKiJ  por- 
tioDB  of  th«  cord.  TLua  Volkmann  has  abou-a  that  tha 
rhythmical  movements  of  tho  anterior  pair  of  Irmpbatic 
liearts  ia  the  fW)g  depend  upon  ncrrous  inflaence  ditnnd 
from  tho  portion  of  spinul  mnl  ooneepoodlng  to  the  thhd 
verltilira,  luid  tiiowi  of  tho  pooterior  pair  on  influt-noe  mif- 
plied  by  the  portion  of  cord  opposite  tho  eighth  vorteln^ 
tbt  movements  of  the  heart  continue,  tliou^h  the  whobtf 
the  cord,  csccpt  tho  ahovo  portioiw,  l>o  drattroyed  j  h«l « 
the  instant  of  duxtroyiat;  either  of  these  portions,  though 
nil  tho  rsst  of  tho  mnl  \k  iintixichcd,  tho  inovi.'nictits  of 
the  carrespondinif  hearts  cease.  What  appeiars  to  be  dun 
proved  in  regard  to  two  [lorlionit  of  tho  cord,  mny  be  in- 
ferred to  prevail  in  other  portions  also ;  and  the  InfcrtBca 
is  reeonoilahle  with  moat  of  the  fiicta  knoira 
the  pliyoiology  and  comparotive  anatomy  of  the  «ord. 

The  influence  of  the  spinal  cord  on  the  sphincter  atii  hat 
been  already  meutiotiiHl  Qi.  501].  It  maintains  tliis  muscle 
in  permanent  contraction,  so  that,  except  in  the  act  of  deSeca- 
doD,  the  urifiuo  of  the  anus  in  always  closed.  Thta  influcaica 
of  tho  cord  rusumhlea  its  common  rclli^  action  in  bcii^  in- 
voluntary, although  the  will  can  act  on  the  muscle  to  moke 
it  coutratit  more  ur  to  permit  its  dilaliitiun,  and  in  that  the 
ooDstoiit  action  of  the  muscle  is  not  felt,  nor  diminished  in 
sleep,  nor  productive  of  fatigue.  But  the  act  is  dilTurvnt 
tcOBX  ordinary  n<l!es  acta  in  being  ui-arly  constant,  tn 
this  respect  it  re«emblea  that  condition  of  muscles  which 
has  been  called  tone*  or  passive  contraction  ;  iu  a  state  io 

'  Thii  kind  uf  luuu  uiiuit  bi>  dittLiiguiiihul  (roia  that  iii«n  firauMM 
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vliich  Oipy  aIwa^  nppoar  lo  be  when  not  actiro  ia  Iiealth, 
and  in  wbii^b,  thongh  oaUed  io&otive,  t)icj-  nppcar  to  bo  in 
ftlighe  oontnction,  tmi  crnliunlj'  are  not  relaxed,  aa  tiief^ 
an  Umg  after  death,  or  when  the  spinal  oord  ia  deetro^ed. 
Tbis  tMM  of  all  the  mtuolCN  of  thn  ttnink  and  limb«  «oeiD" 
to  dopond  on  the  Fpinol  oord,  as  the  contraction  of  the 
■phinvt«r  ani  does.  If  an  animal  bo  killed  hy  injucy  or 
Kmoral  of  till!  Iirain,  tho  tone  of  the  miucles  may  be  felt, 
and  the  limbs  feel  tirm  aa  during  bleep ;  hut  if  the  spinal 
cord  be  destroyed,  tbe  «phinct4»'  ani  relaxo*,  and  all 
DiitacW  fuel  k>o«e,  and  flabby,  and  atoniii,  and  remaia  w  ' 
till  tbe  rigor  mortta  conunencas. 

THE   Mi:i>tTl.ia    OBIjOXGATA. 

Ill  Slmeturt, 

The  mpiliilla  »blnn^ta  is  a  niitss  of  gny  and  whitn 
lUffTOUB  substance  pnnly  containrd  within  tho  cavity  of  the 
cranium, — fomung  a  portion  of  the  oephalio  prolongation 
of  UiA  qjiiial  oord  and  connecting  it  with  the  brain.  The 
gny  mibataoco  whirh  it  coutuius  h  Mluutud  in  the  interior, 
and  varioiuly  divide  into  masseii  and  laniinio  by  tbe  whitu 
or  fibrous  suhatance  which  is  furanged  partly  in  external 
column),  and  partly  in  fasciouU  truvvniug  thu  toutral  ^'rcy 
matter.  The  medulla  oblongatu  is  InrgDr  than  any  port  of 
the  ipinal  cotd.  lu  columns  are  pyrifonn,  enlarging  as 
they  proceed  towards  the  brain,  and  are  continuous  witlt 
those  of  tbe  spinal  cord. 

Each  bfllf  of  tlie  medulla,  therefore,  may  be  divided  into 
time  columns  or  tracts  of  dbrcs,  continooos  with  the  three 

sad  t«Ii«ion  whi^h  It  is  cnctainiry  to  urrilin,  under  ttio  nine  of  bmf, 
l«aU  liittii**  thai  TmI  Tobiut  lUiil  cot  Ilabbj',  (is  trcll  ui  lo  must^Ica. 
Ths  tonu  iKvollsr  to  inilieUi  hu  ia  it  il  ilvgrw  of  vital  conlnction  : 
that  of  oliior  liMnrit  U  only  duo  to  thcii  bvUig  well  uouriahcd,  xnd 
therefore  coiuptct  ui J  teaic. 
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tracts  of  which  Mch  Itiilf  of  tho  Kjiinitl  cord  ui  madt  ^ 
Tht)  coliimnii  are  more  promiii«iit  than  those  of  ihe  ^ad 
«ord,  and  mparntvd  Erom  Cttcb  oilier  hy  iIi^TfMa-  grmtvc*.  Tht 
anCmor,  continuous  with  Uio  ontdrior  colonma  of  th«  tori, 
BTO  called  the  anterior  pynunid* :  the  posurior,  ooDliBitiw 
with  tiio  poaterior  columoa  of  the  cord,  are  onUod  Uu  rat^eim 


P«.  143-" 


piff.  144,+ 


*  Ff)t  143-  V'law  of  tlie  uitcridT  cnriaM  of  the  imhui  Varolii,  mk 
XBtAOlia  olilou^ta.  n,  a,  anlcriiir  prramiih.  t,  their  doeuMUion ;  t;  <i 
oliruy  boiltM :  d,  d,  rtttiTom  Win ;  4v  *RiUona  libra :  /.  Bmm 
ilmirilied  hy  Solly  m  pdosing  trora  the  anlcrimr  colnnui  uf  tlui  oot4 1* 
tlie  craebrllum ;  3,  uiteriiK  column  of  llio  xplnti  coinl ;  k,  Uutd 
colnmo  ;  p,  poa*  ruoKl ;  ^  iti  apper  BbrM  i  5,5,  root*  of  Um  fiU 
foor  of  inrrvoi. 

+  Fij).  144-  Tina  nf  ib«  |Hut«Tior  nrfaw  of  the  poaa  nnlii.  ca^ 
para  (lan'lnxdiiinii,  And  meiliilU  oblongMa.  Tb«  pednncliM  uf  tht 
rcivlirlliim  ura  ciil  almrt  »l  til*  aide,  n,  o,  tlie  u{ijior  )iiiir  of  ov- 
pom  qimrlrij-.-jiiliiii ;  h,  i,  th«  lowM- ;  /,  /.  tujimor  pnliiaclM  of  tb« 
cnnbrllnin  ;  c,  •iiiinenct'  connedod  witii  tliD  hucIhu  of  tltr  fiyp<^|iMMl 
u<rvv  ;  (,  tlinl  of  tlie  glono-pIiiiTTigtal  nam ;  f.  ibM  of  tli*  rqcai 
mrvi.' :  il.  d.  rcntiforni  boiJiEi ;  p,  ]>,  pcatcrior  pjmkinida ;  «,  r,  |p(an 
in  Uie  middlo  of  the  foiirlh  vmlriclc,  mdjnj;  bdow  in  lli«  c*Ubw 
Kni>t«Tiiu ;  7,  7,  rooU  of  tha  aiidJloiy  ncrrn. 
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bodiM ;  aod  the  laUnil,  oontinuom  with  the  lateral  colomuH 
of  ths  cord,  am  nanied  simply  from  their  potdtion.  On  tb« 
flbrea  of  the  Utcral  oohram  of  each  eido,  near  its  Ulster 
'  part,  in  a  amall  oval  maas  oontaining  gtey  matter,  imd 
namKl  tho  oUr-ary  badg ;  and  at  tii«  pOKt^irior  part  of  tho 
r«stiform  cohimn,  itnm«i]iatoIy  on  each  side  of  the  posterior 
median  groove,  a  small  trart  is  marked  off  bj-  a  Kli^Iit 
groom  Irnm  tho  rejpaindfir  of  tlio  reatiform  liody,  un<l  callod 
tho  pottfrhr  pt/ramid.  Tho  i^atiform  coliimnit,  inntood  of 
mnaimog  parallel  with  each  other  throughout  the  vbolu 
of  thfi  medulht  oblongata,  ditvrgii  near  ita  upper  part, 
ftod  by  thtw  diverging,  lay  open,  so  to  «ponk,  a  spacv  uallod 
tho  fetuth  ventricle,  the  fioor  of  which  is  formed  by  the 
gr^  matter  of  tho  interior  of  tba  mi>du]]u,  Iiy  tltls  di\-erg< 
ence  exposed. 

On  Kparating  tlte  anterior  pyramids,  and  looking  into 
dw  groove  between  tJuim,  aonio  doouMating  filnvs  con  bo 
plainly  aeen. 

DUtfihvtion  of  the  F^rt*  oj  th*  3f«ftiU<i  Obloitytiia, 

Th«  anUrior  jnjram'ul  of  each  uil»,  although  mainly  com- 
|>oaed  cf  Mmtinuations  of  the  Gbres  of  the  anterior  coIubods 
of  tho  Npintil  cord,  rocvivea  fihrea  from  th«  lateral  <wlumna, 
both  of  its  own  and  tlic  opposito  aiilii  {  tlin  hitter  6bn» 
ibrmin^  almost  entirely  |thoee  decussating  etrandB  bofine 
nwntiont^d,  whii-b  are  seen  in  the  groove  betireen  tlw 
Ulterior  pyramids. 

lliua  composed,  the  anterior  pyramidal  fibres  proceed- 
ing onvrmdii  to  tho  brain  ore  dintributvd  in  tliu  following 
manner: — l.  Tho  greater  part  pass  on  through  tho  pons 
(o  the  cerebrum.*     A  portion  of  the  fibres,  however,  nm- 

*  HwvsjiniHiani  "continii'in»fII>mi,"  Hnd  tho  Iik«,  ■ppcar  to  tw 
Mnally  au(ln«t«oil  «s  mMninfi  tlmi  nirtaia  primiuvn  nomt-fllira  piai 
williowt  ialrmiption  rmn  mm  iwrt  tu  aiiotlivr.  Itut  *uch  cnntliiBily 
of  iirittitivi-  fllinii  tlimugli  long  tlkUiu^M  iu  Iht  nervon*  utiitrn  ia 
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niitg  apATt  from  tho  Otlicn,  joins  noma  Gbn*  frotn  fi* 
oliTinry  \toiy,  and  tmitM  with  tbem  to  form  wbat  U  oiIU 
llie  olirary  /aKiniiut  or  /Ite.  2.  A  amall  tract  of  fiba 
pmoeeds  to  tli«  ccntWliun. 

11i«  tttUral  column  OQ  each  aide  of  the  medulla,  is  f» 
ceeding  upwardo,  diridna  into  ilirno  |Mu-tii,  outer,  iim. 
and  middle,  which  aro  thus  disposed  of: — 1.  Tbo  Mv 
fibrM  go  nilh  th«  leatiform  tract  to  tha  c«reb«Uuiii.  2. lb 
inuidU  docuHOto  acroaa  the  middle  lin^  with  their  teUmt, 
and  form  a  part  of  Ute  antrriiir  pyniinid  of  the  vpfttti 
lido.  3-  TiM  timer  pass  on  lo  the  uerolirum  aloo^  liwfiM 
of  thff  fourth  Tonlricle,  on  each  wdo,  uudor  tlio  nanie  o/fli 
ftuciculut  tFre*. 

Thu  filiruti  of  the  rtttifonn  body  receiro  aomn  small  ofr 
tributioiw  from  both  tha  lateral  aod  anterior  oofamn  rf 
tho  medulla,  and  proceed  cU«fly  to  the  cerelMlliun,  btt 
that  email  ]>nrt  bvhind,  called  poOarutr  pyramid,  b  Ofr 
tlnued  on  with  the  fascicidiis  Xvte*  of  each  aide  aloogdi 
floor  of  the  fourth  ventricle  lo  the  cerebrum. 

As  in  HtructtiTfi,  m>  iilw)  in  tho  gnucral  (indoirm^ti  cf 
their  Bov^^rtd  pnrtA,  there  is.  probably,  tbe  cloaeot  anakgf 
between  the  medulla  oblougala  and  tlie  apinn]  cord.  Tk 
dilTereuc-e  betwcwn  tliom  in  rlxo  and  form  appears  dv^ 
chiofly,  iinst,  to  the  divergence,  enlarp^ment,  aiid  docuiM- 
tion  of  the  eeveral  columua,  aa  tboy  paiw  to  be  coniwctal 
witli  the  t^Tobnllum  or  the  ci'rvbnim ;  and,  aecondlj,  (0  tbt 
insertion  of  new  quantities  of  grey  matter  in  tlm  olinn 
bodiea  and  other  parts,  ia  adaptation  to  the  higher  offip* 

very  Tar  from  prorwd.  Tl)»  apjwreiit  ooutiuuily  of  hitdculi  (sUcb  li 
all  dut  dUaartlan  rui  y«t  tnot)  ii  exi>ticul>tv  mi  ibo  uipiMoitioii  thit 
many  com|iitnitirply  ■hort  fibr«*  lb  parillcl.  with  tlie  nuU  of  Md 
talud  antoiit;  tnnjiy  othcra.  In  sadx  a  aac,  tbcro  wouM  be  nn  a| 
continuity  of  Tibrrs ;  just  u  there  it,  lot  «xiun]>Ii),  arh««  ott* 
and  i>ick>  cmt  a  long  card  of  idlk  or  wool,  iu  vhinh  toicb  fibro 
and  yet  lacli  fpsciciilu*  ajipeut  to  ba  continuDd  Ihrousfa  tlia 


nWCTI0!T8  OP  THB  MEOt 


0BIi>SOATA.     513 


.  wider  nnge  of  influenoe  irhicli  the  m^uUa  oblonguta 
I  a  oervDos  centra  exumseo. 


FuncticM  0/  tkt  iMuUa  Oblongata. 

In  iU  fUactioQH  ibe  Biedullu  oUoagnta  dilFLiv  Irom  tlw 

8|Miu>l  t.'Onl  ohicHy  in  the  importance  itnd  extent  of  the 

octtoos  that  it  (EDverna.     Like  the  cord,  tt  may  be  regarded 

I  fint,  aa  ermdHcting  itiiproMtiiouii,    in  nlucli  oIBim)  it  hoa  n 

wider  oxttrnt  of  function  than  any  other  port  of  tho  uervoua 

■ystem,  niuoo  it  in  obvioim  tlmt  oil  impn.>siuo:iM  ptuwing  to 

and  fro  botwoen  the  krain  and  tho  spinal  cord  and   alt 

aarres  ariiuQ^  btJow  tliu  ponn,  inunt  ha  trauMuitttKl  iJiruujth 

it.     Till)  dociuaatioa  of  part  of  the  fibres  of  tho  anterior 

pyramtda  of  the  medtUla  oblongata  explains  tbe  pbeno* 

I  aeoA  of  crotw-parnlyiiiii,  as  it  i*  t«nnod,  i^.,  of  the  low  of 

notion  tn  cerebral  ajxtplexy,  being    always  on  the   udo 

oppoaite  to  that  on  which  the  fiiTuaion  of  blood  has  taken 

IjQoking    only  to    tlie   luintoiny   of   tbu    inmlnlht 

;ata,  it  iraa  not  poaaible  to  explain  why  the  loss  of 

I  sensatiou   alao    ia  on   th«    nda   oppcwiw  the    injury  or 

>4iwnw  of  the  brain :    for  there  is  no    eridence  of   a 

'  deeaaaatioii  of  posterior  fibres    like    that  which   ensues 

among    tho    anterior    fibres    of    Um    moduUa    oblongata- 

But  the  discaverim  of  Etrown-Si-quard  have  shown  that 

tiiv  cTOMiiug  of  ncimitivu  iinpreasioim  oucura  in  the  spinal 

cord  (see  P.4Q8). 

The  fmictioas  of  tho  medulla  oblon^^ta  as  a  wrrf-eentn 
Mdm  to  be  more  immeiUately  important  to  the  muiutenauoe 
of  life  than  those  of  any  other  part  of  the  nervous  system, 
MDoe  £rom  it  alouo,  or  in  chief  measure,  appears  to  be 
nAoctod  the  nervous  forcu  uecessaiy  for  tliu  purfonnaucti  of 
respiration  and  ileg-lutition.  It  has  bctra  proved  by  repoatod 
O^Mirimcnta  <in  tlui  lower  uiumuU  tliat  tbe  entire  brain 
may  be  gradually  cut  away  in  6Uccej>»ivo  piirtioun,  and  yot 
B  liCs  may  continue  for  a  considerable  time,  and  the  respiratory 
M 
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ntoTemmiti)  Im  uninterrupted.  Life  may  also  ootiti&QB 
the  spinal  cord  i>  cut  away  in  mmiinsiTe  portlotui 
b^wDpirArda  as  liigh  <»  the  point  of  origin  of  tho  pi 
Mire,  Of  in  nnimiiU  without  a  diuphra^n,  euoh  aa  bbib  a 
Kjitilos,  even  as  high  aa  th»  medulla  obloftgata.  In  Am- 
phihin,  tlifiHfi  two  experinwnte  bare  been  oambtDed:  ^ 
bnun  b«inK  nil  iwmovod  from  ahoru,  and  tho  cord  (nm 
h«li>w  ;  and  so  loag  as  the  m«dulls  oblon^^ta  was  iittat^ 
reepiration  tttul  lifn  wore  maintained.  Ittit  if,  in  nnjr  ntii—l, 
the  medulla  oblongata  i«  wmmdMl,  particularly  if  tl  ii 
woimdud  in  ita  <«ntial  part,  0]>posito  tJie  origin  ef  iL) 
pneumogaRtric  nvTXva,  titn  rrspinttor;  morcments  re««i>,  nJ 
the  animal  die*  ua  if  asphyxiated.  A»d  this  ttSmt  own 
mwa  when  all  parts  of  tlio  n«rrous  vystem,  except  tb« 
medulla  oblongula,  are  left  intact. 

Injun-  1111(1  diHi-aiHi  in  non  prove  the  aama  as  tbiNft  «' 
pcrinients  on  animals.  Niimorotui  inatancea  are  rtagiel 
in  vrhtt^b  injury  to  the  human  medulla  oblongata  bit 
produc<Kl  instiuiluaoous  death ;  and,  indar<d,  it  is  tlirmgii 
injury  of  it,  or  of  tho  part  of  the  rord  coaoeotin^  it  «ith 
the  oripn  of  the  phrenic  Borre,  that  death  ia  comnwolr 
produifd  in  fracturei  and  disooaca  with  saddoo  diaplso- 
neat  of  the  iippor  corrical  rcrtclinD. 

The  c«ntre  whence  the  nerrous  force  for  the  prododitB 
of  combined  respiratory  mm'ementa  ap)>ear«  to  iasoa  is  h 
the  interior  of  that  part  of  tho  modulla  oblongata  ItMi 
vrhiefa  the  pneumogastric  nerves  eriae ;  for  with  can  Am 
mndiiUii  olilongata  may  bo  dtrided  to  vitliin  a  few  liiMa«f 
this  pfkTt,  and  ita  exterior  m^y  be  removed  witliout  the 
atoppugfi  of  reRpiratioii ;  but  it  immcdiatdy  ceaaea  wbeo 
this  port  is  invaded.  This  is  not  because  the  iutogrily  uf 
the  pneumogaatiie  nerves  is  oawntial  to  thd  respiratory 
moTcmnnfn;  fi>r  bnlli  those  norvca  may  l>e  dirided  wtthost 
more  immediate  etfoot  than  a  retardation  of  \hr»o  n»vv- 
ments.  The  condndon,  ttionifore,  may  aafcly  be,  thai 
this  part  of  llio  modulla  oblongata  is  the  Berroiu  ocntn 


PrSCTlOSS  OF  THE  MEDCLlJl  OBIJJSGATA.     515 

wlwteliy  the  impulse*  i«odticiitg  the   reepiratoiy  move- 
KMOts  are  Tt/l*rtt4. 

TTie  ]>ow«r  by  u-bidh  the  medulla  oblongata  govenia  aad 
combine*  th«  action  of  Turioa*  inu»(^l<«  for  tliu  ra*i>iraloi7 
noreiDieDts,  ia  nn  inxUuioo  of  tlie  power  of  rtfitxton,  which 
it  pOMtewKw  in  common  U'illi  uU  n«rvi}ua  centres.  Its 
(CVDcral  mode  of  Hdion,  as  veil  m  tho  dcgrcu  to  whMi 
the  miiid  mny  tnko  part  in  respiration,  and  the  number 
of  ncrv<«i  and  mutxIcH  which,  uii<1<it  the  gomrnane*  of  the 
nwduUa  oblongata,  mn^r  be  combined  in  tho  forciblfl  trnj^i- 
nttOTT  movemeuts,  hnv«  btntu  tUrfUfty  briedlf  dCMtibed  (w* 
p.  225.  ii  itq).  'nint  which  «o«ms  mo«t  peculiar  in  this 
oeittrD  of  rp^imtory  action  is  its  vide  rang«  of  connectitwi. 
Ibo  number  of  nerres  by  whidi  tho  centripetal  impretrion 
to  excite  motion  maj  ho  condiidod,  and  the  number  and 
distance  of  those  through  which  the  motor  impnlso  may  be 
dirtctod.  Tlie  pHiKiipal  ventripotal  uerres  engsgod  in 
Kspiratiou  urn  the  pnoumognstric,  whow  branchea  nipjply- 
ing  the  lungs  appear  (a  coDTey  tlie  mo»t  acute  impremioa 
of  tb«  "necessity  of  breathing,"  When  they  are  both 
divided,  the  respiration  becomes  slower  (J.  Iteid),  ns  if  tho 
DMMsity  were  lev  acutely  felt :  hut  it  does  nut  eeftse,  and 
therefore  otluir  norres  btiridos  them  munt  haro  the  power 
of  conducting  tli«  Uko  impres&ion.  The  cxperirnvntn  of 
Volkmaim  malce  it  probahlx  that  all  cfntripetal  ucrros 
poaMSS  it  in  Kumo  dcgroo,  and  tbitt  tho  cxisteni^  of  imper- 
fectly aerated  blood  in  contact  with  any  of  them  nets  as  a 
stimulus,  wliich,  Ix^ing  conTeyed  to  tbo  misluUu  oUungata, 
ia  reflected  to  the  nerves  of  the  renpiratory  miucles :  m 
that  respiratory  moi-emcnls  do  not  wholly  ceuse  so  long  as 
■ny  oontripetal  nprvce,  and  any  neno  supjilyiag  niuBcIee 
of  nspiration,  are  Iwth  in  <^nlijiuoiis  connection  with  tho 
Ttftpiratory  contro  of  iho  moduUn  oblongata.  Tho  circulation 
of  imperfectly  aerated  blood  lu  the  medulla  oblongata  itself 
may  altto  act  as  it  ntiiniiliis,  and  rnict  iliroit^i  tliia  nerv»> 
ooDtro  on  tho  nervos  which  supply  the  luspiriitoi}-  muscle). 

LI.; 
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Tho  irid«  «KUait  of  coimectiOD  which    belMtgfl  to  tbt 
medulla  obloDg«U  M  the  contr»  of  tho   rMpirmtoij  moiw 
n«bts,  it  further  ebown  hj  the  fact  that  uBpreMuiM  lij 
tn«ckenicai  and  other  ordinary   etimuli,    made  on  maj 
iwrte  of  the  cxtvmiLl  or  internal  Mirfttca  of  the  hodf , 
iuduoo  reepiratorj*  moT«ment«.     Tbiu  iDToIuntaij 
tions  are  induced  bj  the  sudden  coataot  of  eold  with  «; 
jMrt  of  tho  tikin,  w  in  doihing  cold  wafer  into  the  1m 
Irritntii^n  of  the  mucoiu  membnne  of  the  now  prodatM 
eneexing.     IirttatJon  in  the  pharynx,  ceoojihagus,  nbmaA, 
«r  iutiMtinoH,  oxcitos  tho  concuTTCnco  of   the    reepinUn; 
mev<nuent«  to  produce  Tomilinf;.     ^'iolent  initation  in  tba 
RCtam,  bhiildiir,  or  utcnu,  giriM  riiMi  to  n  conciureiit  acxin 
of  the  n^iratory  diuscIm,  bo  as  to  effect  tlte  expubumtf 
the  fleoet,  urine,  or  fa-tus. 

Tim  luoduUn  oblongata  apponni  to  b«  the  centre  wliat* 
are  derived  the  motor  impuUee  enabling  the  niunrloi  of 
th«  palate,  pliaiyitx,  and  tiaophaguti,  to  prodace  the  l■^ 
ccMiTo  oo-ordinate  and  adapted  movemenia  necemaiy  le 
the  act  of  deffltaition  (aee  p.  263).  Thiei  la  provod  hy  thr 
per&iNience  of  swallov,-iiig  iu  sumo  of  the  lower  animah 
nfU-r  dc»tnidion  of  the  cerebral  hemisphetes  and  cerebdlum; 
its  existence  in  anencephaloua  raonsten;  the  pownr  <f 
Hn  alloiring:  pOHCwied  by  tnarmpial  etntMyoee  befose  thf 
twain  ifl  developed :  find  by  the  cmnplele  arrest  of  tht 
power  of  swallowing;  when  thi>  medulla  oblon^ptu  ie  iiijun^ 
in  oxpcriments.  But  the  refiocting  powtr  herein  ezetcM 
by  the  medulla  oblonp^ta  is  of  a  much  simpler  and  mora 
rcslricted  kind  t)ui»  tliut  Pxeri^inid  in  riisjiimtion ;  it  is, 
indeed,  not  more  than  a  simple  instance  of  reflex  action  \fj 
a  &pgni«at  of  tho  iipinal  axis,  receiving  impteeaions  for  thii 
purtiose  fi:«m  only  a  few  centripetal  nerres,  and  ntflecting 
them  to  the  niotor  uenres  of  the  aame  ot^an.  ^e  iacEdnt 
or  centripetal  nervee  in  this  coae  are  the  bnachaa  of  tht 
g^loaaopharyngeul,  and,  in  a  subordinate  df^ree,  tfaoee  of 
ths  fifth  uerre,  sume  of  tlio  branchM  of  tho  superior  ]arjn> 
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peal  nerve,  wluch  are  <Iiatri1>ulod  to  Uie  pbaryDx ;  ati<l  tlio 

L«rTM  through  trhioh  the  motor  impraMions  to  tho  fauces 

I  Bod  phai^iix  ar«  reSec^t^d,  are  tlie  phuragvat  hraiicliea  of 

Ihe  viigaii,  uit<I,  in  Kultordinato  <lvgnn»,   or  ma  eiippl^-iog 

I  nuwcjJe»  aooessoty  to  the  nioTemeota  of  Hm  phaijox,  the 

^bMOobea  of  tlin  hypogluiuial,  (tuiul,  corrical,  roourrant,  and 

fifth  ncrvcsi.     For  tho  ceeophsgeal  movements,  bo  far  as 

they  ore  connected  vith  the  medulla  ohlongata,  the  fiU> 

mealA  of  die  puMimogattrio  nvrre  alone,  vhich  contain 

both  itfr«rvDt  and  efferent  fibres,  appear  to  be  snfflcuot 

(John  lleid). 

Though  rapiration  and  life  eontinuo  while  tho  mcdtdla 
I'ObkxigBta  ie  perfect  and  m  consection  vith  respiratory 
I  aems,  jet,  wh«n  all  the  htaia  aihon  it  19  n'roored,  tliere 
'  ia  no  mor«  appoornnce  of  sonMition,  or  will,  or  of  any 
[  auotal  act  in  the  animal,  tlie  subject  of  the  experiment, 
1  there  is  whan  only  a  ^>)Qal  ourd  is  Ittt.  The  mora- 
'  neiitM  iiro  all  iuToliintsiy  and  unfcit ;  and  the  medulla 
pbkmfsata  has,  therefore,  no  claim  to  be  considered  as  an 
.  of  tlie  mind,  or  om  tlie  itvat  of  aeniuttion  or  volun- 
tary power.  These  ore  connectod  with  parts  next  to  bo 
described. 

It  would  appear  that  muoli  of  tho  t«flcctiiig  powor  of 
tho  medulla  oblongata  may  be  destroyed ;  and  yet  lis 
power  in  the  re«i>iratoiy  movemeuu  may  remain.  Thus, 
in  pnttectn  complotaly  ofGecled  with  chloroform,  tho  wink- 
ing of  the  eye-Udfl  ceasefl,  and  irritation  of  the  pharj-nx 
will  not  produce  the  usual  morements  of  Hwnllowiii^,  or 
the  closure  of  the  glottis  (so  that  blood  may  nin  quietly 
into  the  stomach,  or  ereo  into  the  luu^^) ;  yet,  with  all 
this,  they  may  breathe  steadily,  and  show  thut  tho  power 
of  tho  medulla  oblongata  to  combine  in  action  all  the 
tiervca  of  tho  respiratory  muscles  is  perfect. 

In  addition  to  itn  infiiionce  over  the  functions  of  respi- 
ration and  deglutitioD,  the  medulla  oblongata  apjieota  to  bo 
largely  coucvmed  ul«o  In  tho  faculty  of  opcevh. 
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In  lliG  medulla  oblongnta  nppenrs  to  W  seated  tiao 
uhief  raio-molor  niaTe-wntW  (p.  576).  J-'rom  thia  niiae  fibra 
wliivb,  passing  down  Ilia  iiiiiiial  mrd,  iwiue  with  Um  bd- 
tarior  rooU  of  tli«  spinal  nerves,  and  i-aU^r  i\w  gnngliK  uj 
braachea  of  tlio  i^juipiUbctie,  hy  vhitii  tliey  are  coulDcttJ 
b>  the  blood-reeeelA. 

TIm  iuJlueitoe  which  is  cxorri^O'I  hy  tits  m^diilb  r^ 
longsta,  or,  at  least,  hy  ita  iniiailon,  on  th«  fortootioa  4 
miliar  m  the  livor,  h4ut  boon  n^fcmsl  tu  (p.  336}. 


•TSIICrUHX     AXn     PRTSIOLOOT    OV    TIIK     TOVK     TXtCLU, 

CRVRA  crBeniti,  roui-oKA  QT'ADBioENntjL,  coBrau 

OENICITLATA,    OFTIC  IRALJll,  ANU    COKI-OKA  STEIATI. 

PoMt  Kdrod't. — The  i&c«o-(«phi>Ion,  or  pons  (ti,  fig.  I4j\ 
ift  OOBpOsed  principally  of  Imnsveree  fibrea  GonnKrUng  tbl 
two  heiiiuq>hurL'ii  (if  tlie  <tfrcll(^lhtm,  and  forming  its  prin- 
cipal commiNturei.  But  it  iDcludcs,  interWisg  with  thwv 
nuiueiMUa  loDfjiiudinal  fibroa  wbidk  connect  Uin  nwdoUi 
oUonguta  with  tlic  urrt-lirum,  tuid  tnuMT^ne  fibrea  whidl 
conliect  it  with  tho  rorebellura.  Amon);  the  £ucieali  ol 
uerre-CbreB  by  which  these  severul  |)tirts  nro  connecttd, 
the  puiin  bIwo  i:»ntniiis  abuixlitnt  grof  or  vesicular  nV 
titanc«,  which  appears  irregolarly  pkoed  among  the  fitmn, 
And  fiUa  up  all  the  itit«r«tic«s. 

The  nnntomiciil  distributioD  of  the  fibres,  both  tnas- 
veree  and  loDgitudiual,  of  which  the  pons  ia  comiMMd,  ii 
Bufficieut  evideuee  of  its  funcfiuua  as  n  ooniltictor  of  nn- 
preaciona  from  one  port  of  the  cerebro-spiaal  axis  to 
another. 

CunDCTiiing  its  functions  us  &  iiervo<«ntre,  little  or 
nothing  is  cortoinly  known. 

Crura  Cerebri. — Tbefrura  ctrebri  (ill,  fig.  I4S),  az«prilici> 
pally  fciraicd  of  nrrvn-libre*,  of  whkb  tlie  inferior  or  more 
superficial  ore  coutinuous  with  those  of  the  antorior  yytUf 
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t  tracts  oC  tlio  medulla  a)>Iongata,  and  tho  superior  or 
^Aeper  fibre*  witli  tho  ktM-ol  ukd  posterior  pTTonudal  tracts, 
ami  Kith  tlie  oUrarj  IWculua.  Beatdes  tbeaa  fibrvs  from 
the  moduUa  ulilungntn,  nro  i>tli«ra  from  th»  cerebellutu;  and 


■ome  of  th«  latter  as  well  as  a  part  of  the  fibres  derived 
from  thtt  lateral  tnu-t  o£  the  medulla  obluu^ta,  decussate 
■cross  the  middln  lino. 


*  Ft&  US-  ^0**  of  tli«  bnln  (froiu  (juain).  i- — i,  (aperior  I<id^ 
todiniil  fiHUin  :  a,  i',  a",  ■iil«rior  carvbra]  iub«  ;  3,  listur*  «f  Sjlv!u% 
betniMii  aiitrriur  nii<l  4,  4.'  4',  ntiddlB  cvrvbn]  lubu  ;  J,  5*,  postnior 
loba :  6,  mc-lultn  uliluui^ts ;  Ilia  ligui«  is  iu  the  right  antrrior  pynr 
mid  ;  7,  S,  ';,  10.  tbe  cen'bcllum  ;  +,  tlm  inferior  vcrraiform  proco*. 
Tha  Anuria*  ft^ni  1.  to  l-\.  atu  placed  ik}{iiiiiat  tbo  corrmpondliig 
ourahral  narvci :  III.  t*  pUccd  on  tlio  rightRiiin  csrnliri  ;  V'l.uulVlI. 
on  UiH  l>oii«  VaioLit)  X.  tlic  flm  corTiciJ  or  lutioodiiiljLl  ucrro. 
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On  their  npper  part,  tie  cnm  oerebri  h^&r  three  pain 
of  small  gnngl)«,  or  m«MCH  of  lainglnd  gny  and  white 
Derv^stibstonoe,  ticunelj',  tbo  corpora  gmiei'lata  «xUnK 
luiil  intrma,  and  the  corjiora  qnadngtmina,  or  natet  and  tatn. 
And  in  tliPir  onwnnl  ciiTir^n  to  tin)  t^ToIinim,  the  fibtM  of 
eaob  cms  ceiebi  pans  through  tvo  Largfl  ganglia,  the  «fMi'e 
ibalamut  and  cutthm  ifriaium,  and  in  tbtur  substance  OMM 
into  connection  with  Tari»uiJy-»hnpwI  tnnnM  and  layen 
of  grey  uibstanoe.  Whether  all  the  Sbree  of  the  cm* 
(Wrobri  end  In  the  grej  matter  of  tbcao  two  ganglia,  vhlle 
otliUTH  Nturt  afivah  from  tb»m  to  enter  tho  oorebrol  hemi- 
spheres ;  or  whether  some  of  the  fibres  of  the  crura  pa« 
through  tltem,  while  only  a  portion  (ran  be  strictly  said  to 
havo  thoir  tvrminntion  there,  niu*t  remain  at  prosmt 
undecided ;  the  diiTicuities  iu  the  vay  of  solving  euch  as 
antttomiiud  doulit  Ixviug  at  pniseiit  iiiimporablo. 

Each  cnu  cerebri  contains  among  it«  fibres  a  moss  of 
Tesicular  subBiaQce,  the  hcut  niger,  the  nervo-oorpusck*  of 
which  abound  in  pigment-graotdes,  and  afford  some  of  tbe 
beet  instnncos  of  the  caudato  structare.  ' 

With  regard  to  tlieir  fuucUoua,  the  crura  cerobri  may 
be  regurcJed  as,  priiicipalty,  eondnctiiig  organs.  As  nerve- 
ccntros  Ihey  are  probably  conneoted  with  the  fuuctionH  of 
the  third  c^urebnil  iieni-,  wliich  aritwa  from  the  foctu  m§tr, 
and  through  which  are  directed  the  cJiief  of  the  nunwrani 
and  complicated  moveinents  of  the  eyeball  and  iris. 

From  tho  result  of  vivisection  it  nppritrs  that  when  one 
of  tho  crura  cerebri  is  cut  across,  tho  animal  inovee  rmmd 
and  round,  rotating  around  a  vertical  axis  from  tlie  injurod 
towards  the  sound  side.  Such  movemi?nl«,  however,  attend 
the  sections  of  otlier  parts  than  the  crura  corobri : 
aud  as  indications  of  the  funotions  of  thiMw  parts,  the 
results  of  such  experiments  have  been  hitherto  almost 
vu]uel<;ss. 


CoTjmra  Quadrij/fmina. — Tho  corpora  qiiadrigoiaina  (frmn 
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which,  in  functii>ii,  th«  corpora  gfmetilafa  ore  not  dirthi- 
guished],  are  the  homologues  of  the  oplje  lobea  in  birds, 
Amphibia  nnd  fishcn,  «nd  may  bo  rr-gnrdcd  im  tli«  prin- 
cipal nervous  c«DtTc«  for  the  seasd  of  eight.  The  czperi- 
tn&aU  of  Flourenii,  Long^it,  and  II<!rtu,-)g,  nhon-  tltat 
ramornl  of  the  corpora  quadrigrmina  vhoU;  dcrtroyn  th« 
power  of  ae«in);;  and  dieeawa  in  which  they  are  disor- 
gmnimd  tav  usually  occompiuiicd  with  blindnoH*.  Atrophy 
of  them  is  also  often  a  consequence  of  atrophy  of  the  eyes. 

DectractioQ  of  one  of  the  corpora  quadrigciiiitia  (or  of 
one  opdo  lobe  ia  birds),  pioducoe  blinditoM  of  tlio  oppo- 
site eye. 

'Hiia  torn  of  niplit  is  tlM  only  nppan>ttt  injury  of 
sensibility  sustained  by  the  lenuwal  of  th?  corpora  quod- 
rigemina.  The  removal  of  one  of  them  affects  the  more- 
nents  of  the  body,  *o  that  animals  rotaU',  ha  uttti  divisiDn 
of  the  crus  cerebri,  only  more  slowly  :  but  this  in  probably 
due  to  giddineaa  and  partial  loss  a{  nght.  The  mora 
evident  and  din«<4  influfinte  in  that  produced  on  the  iris. 
It  oontrncls  when  the  corpora  quadrigemina  are  initnted : 
it  is  always  dilated  when  they  are  reaioved  :  so  tiiat  they 
may  bo  nrgordcd,  in  some  moosiirc  at  Icvst.  as  tho  niTvuus 
centres  governing  its  moreraents,  and  adapting  them  to 
the  impressions  d«rlvt>d  from  tlic  retina  through  the  optio 
and  tracts. 


B  the  im 


Concemiiig  ttie  functions,  tntcen  as  a  wlioln,  di!ic]iar};nd  by 
the  olfaolory  and  optic  lobes,  the  grey  substance  of  the  pons 

!  the  oorjtora  striata  and  optic  thalami  {b,  d,  &g.  146),  with 
somcotliiT  centres  nf  grey  matter  not  so  distinct,  sitch  as  the 
grey  matter  on  the  floor  of  the  fourth  rentride  with  which 
the  auditory  nerve  is  connected,  tlte  most  philosophioal 
theory  is  undoubtedly  that  which  has  been  so  ably  enim- 
dated  by  Dr.  Carpenter.  Hu  suppOBCS  tbuse  ganglia  I<> 
constituto  tbo  real  scnxorinm;  that  is  to  say,  it  is  by  moons 

Lof  them  that  the  mind  becomes  conscious  of  impreaaiona 
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made  on  the  orgnns  or  t!>Miu  irith  wliicb  (by  mconi 


*'  T^g.  I4&  DiMcrtiiiii  ur  lintn,  from  aharr,  eipoung  tils  lattii^ 
r«nnli,  tod  Qfih  vtiitru'Iex,  witli  Ilia  Kurruiuiilitift  jauU  ifiom  Illnch- 
Titld  ami  Lovcilldl.  i-—a,  miCDrioi  ['nrt,  ur  v*""  u^  eorpna  callotam; 
B,  coipai  Krlnlnm  ;  C,  tlii>  vutxinx  irrml'iiii  vf  Utt  iild#,  dI*ii«cUd  aa n 
to  ripoui  ill  f;r><y  ■ubslaiiw  ;  c.  paiiiU  hy  ■  liu«  to  tb*  Iwuia  HmkU' 
Urt* ;  rf.  iipiio  tlialniniu ;  t,  HQlPiior  pill»r»  of  tbmuc  dirided ;  bclov 
llivy  >ru  Mrn  dueciiiiinfl  in  (lunt  of  the  third  vcntiidc^  and  bctWMS 
tLpiu  ii  hfcii  pait  of  Ih*  aikU'rliir  I'onimlnun  ;  in  frnnt  of  tlio  Uttm  t 
U  Hen  tho  ]ilit-t!lE4  firUi  vi'iilri'.'li',  hntwmn  Uio  two  UiiUbn  of  tht 
(cptuni  lui^Jduni  ;  /,  ai>n  or  muiitlii  cnniiiii«nir« ;  g  la  placed  In  tlia  p«*- 
tenor  [Nirt  •if  tli"  third  ventricle  1  iniionJUtclr  bohini)  Ibe  taltcv  at* 
the  poiifrior  cominiiwitiv  <jiitt  vinbli-)  and  the  i<[iieiil  gland,  the  tva 
criin  or  uliiuh  cstrnd  rorvnrdi  along  the  inner  nud  ujipct  mftrgiiit  o( 
Iho  vplia  Tbaluni ;  h  and  i,  tlie  igrpon  quivlti;{<:uitiiii ;  t,  ■uperior 
(nu  or  oerebellnin  ;  claio  to  Jt  ii  the  mire  c<r  Vieuiioni,  which  bai 
liecn  divided  m  a*  to  upou  tho  fourth  vsatrick;  t,  hl(>)Meaa]iu* 
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anre-Gbiv*)  they  nro  in  connnanicalion.  Tbus  imprM- 
•ioii*  taoAe  od  the  optio  nerre,  or  iU  expanuon  in  the 
retina,  are  conducted  by  the  tibrvn  of  tliu  0]>lu:  n«rve  to 
the  Gorpon  qtutdrig«miDa,  and  through  the  m«diuia  of 
tlteae  ganglia  the  mind  becomea  oouacioua  of  the  impree- 
sioD  inudo.  Aud  impniiuioDN  on  tho  BlnRinnt*  of  tho 
olfartory  or  auditory  nn-ve  are  in  the  same  way  perceived 
through  the  medium  of  the  olEaulury  or  auditory-  ganglia, 
Id  vtliii-h  t}i«y  nro  first  ronvcyud.  Tho  opllo  tlutlami  and 
corpora  striata  probably  hare  some  fuoctioQ  of  a  like  kind 
— perhapn  iii  mlutiou  to  ordinary  auuaatiou,  but  nothing  ia 
wrtainly  Icnovnt  regarding  them, 

Beatdes  tUoir  functions,  however,  as  media  of  oommuni- 
eatioD  Iwtnrei'u  tltc  mind  and  extcrrniil  olijocts,  the«e  teiitory 
ganglia,  w  they  are  termed,  ore  probably  the  oerve-ceDtrrs 
by  roeana  of  vhidi  those  reflex  aula  are  |M.-rformed  which 
require  mlhora  higher  combination  of  mmwulsr  acta  thou 
can  be  directed  by  mt'an^  of  the  medulla  oblongata  or 
apiniit  cord  alone,  ur  ou  thu  othi:r  bund,  hul-U  r«t1<-x  actioDH 
as  require  tor  their  right  p<!rfonnHni<«  tlio  gnidiuiuu  uf 
aemaation.  Under  thts  head  are  included  various  acts,  as 
walking,  reading,  writing,  and  the  like,  which  we  are 
aoTUstomed  to  consider  voluntary,  but  wliinb  really  ar»  a» 
iticu]iablti  uf  being  performed  by  diatiuit  and  definite  acta 
of  tlie  will  OS  arn  iIkwc  mom  kiiqjiIo  movemeula  of  which 
we  are  uot  ctongcious,  and  which,  purfunund  undiir  the 
guidatu^ci  of  tim  sjiiuul  uord  or  medulla  oblongata  alone, 
we  call  simple  rellex  actions.  It  is  true  tliat  in  tho  por- 
foruancu  of  audi  acta  aa  tliuse  ju^t- mentioned,  a  certain 
flxerciao  of  the  will  is  required  at  tlio  CDninKmciunoul,  but 
tfast  Iha  carrying  out  of  its  loaudates  is  essantiaUy  rcflax 


major  and  «or]>ii*  fimlirtstQin,  or  Inaia  hippoompi ;  m,  hi'tippain^u 
niiuM  i  n,  eiiiiiiiiiitiiL  ooUsttinllit ;  «,  f<>uitli  ventricle ;  y,  (NMtariei 
suriKB  of  ueJullii  ubluo^uta ;  r,  niiRllun  ot  i>i.-r«Wlluiii ;  >,  uj-jm^  part 
ofleR  hcBiiiplictcofaBivtHiUuia  oxjHHwd  \yj  tlio  noHitalef  |ibi(  oI  thu 
jKMlitrior  cbtgWilI  lobo. 
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and  inToluDtsTT,  taxyttan  m&y  cooriDoa  Itinuelf  by 

to  perfonu  eacb  indiridiud   nwramcnt  conoemvd,  atrid]^ 

us  a  vulunUij-  act. 

That  cucb  aoTvmnnti  nro  ve&ex  tmi  OMentially  »)&• 
pendent — as  reg^ords  their  m«ra  piuduetion — of  tbvjwill, 
there  w  no  doubt :  that  th«  nerv«-oentrea  tbrougb  vhitfc 
aatii  reflex  aciions  are  perfbrmod  aro  th«  w>-caUad  aeotoij 
gangUii,  i*,  of  cDiinxi,  oulj  a  Iheoij  vbkb  may  or  not  be 
ooDfinMd  b7  futuro  inTiwtigutiona. 

Besides  th«tr  possible  functiotis  in  tbo  nuunwr  jurt-nuB- 
tioned,  it  is  suppoaed  diat  these  sensoty  ganglia  umj  he 
the  iDMuu  of  trnuxmittiiig'  tb«  impuluM  of  tfaa  will  to  iLs 
mascles,  which  act  in  obodimoe  to  it.  and  thus  be  tht 
ccDtroH  of  Rillox  lurtiou  ua  w«U  fur  iniprcMions  emmjti 
dowtmardt  to  them  from  tfao  corabnl  hcmixpliCKw,  as  iiir 
impresuoma  oan-ied  M/nranl*  to  tliem  bj  the  diifereat  norvci 
which  prewrvs  th«ir  coonectiuu  with  tbo  organs  of  Um 
various  senses. 

ITBCCTrBE   AXD    PHTSIOLOOT    OT    THB  CEBEBELLUM. 


The  ocrehelluni  (7,  8,  9,  10,  %.  147)  is  compo)«d  of  an 
dongnlod  ctoitrvl  portion  callrd  tho  vermiform  prooasses, 
and  two  faemiapheras.  Each  hemisphere  is  oouDeotcd  with 
its  follow,  DOl  only  by  moans  of  the  rxmiifomi  pTOceasea. 
but  also  by  a  bundlo  of  fibres  called  the  mtddlt  crut  at 
ptduneU  (the  laltur  forming  the  greater  part  uf  the  pons 
Varolii),  while  a  tuperior  cnu  with  tho  valro  of  Vieussens, 
connects  it  with  tho  cerobrum  (fig,  147,  5),  and  an  in/mor 
rrui  (formed  by  the  prolouged  restlfonn  body)  connect*  it 
with  the  meiliilltt  obUiuguta  (3,  Qg.  I47]. 

The  cerebellum  is  composed  of  white  and  grey  matter 
like  that  of  the  cereljrum,  but  nrrnnged  after  a  different 
fashion  as  shown  in  &g.  147. 

Besides  the  grey  substances  on  the  surfaoe,  howemr, 
thcra  is  near  the  coalro  of  tho  wliito  substonco  of  eadi 
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^^^^■Kre,  ft  small   cniwulo  of  grny   matter  called  the 
eorpm  dmunum  (fig,  148,  ed),  reeemblii^  very  vbeelj  the 


Wfi  147. 


cotjna  Jfntatum  ot  the  olirary  body  of  the  medulla  oblon- 

gau  (%.  148.  ")• 

Tlie  physiulog:)-  of  the  cerebellura  taay  be  considered  in 
Fits  nktion  to  sensation,  Tohuitniy  motion,  and  the  instincts 
'  iiT  higher  facidtiea  of  the  mind.     It  ia  itadf  iDsenuble  to 

irritation,  ami  may  he  tdl  cut  away  without  eliciting  aJgns 


*  Fig.  UT'  View  of  Mnibtllum  in  Mctiou  auj  of  foatlh  rcntricb, 
«rith  the  rtcighbouiing  purts  [from  Sappejr  alW  ninohTrlil  and  L«- 
TMllt).  I.  tni^liui  gtoorn  of  louith  Tentricle,  cndintt  below  iu  the 
t^tnmu  rrriptariu^,  with  th«  Ioii|ptiid)niI  emlnnni'in  fonii^r]  hy  tbo 
faxiadi  Urtttt  ono  on  oodi  aids ;  3,  tko  »Mn<>  gnwvrs  at  tho  pkLV 
whne  tJie  ttliite>lr««k*  vf  thi  auilItoTf  Dfiva  ciimf[D  from  it  to  vroa 
the  Boot  of  tbo  TsntricU ;  3,  lufsrior  onu  or  p^duoclo  of  tlio  cm- 
MIiUD,  fonood  by  thd  nutitonii  Irody;  4,  poitorior  pynmid  ;  above 
diii  ii  tba  tolunna  Kripioriiu ;  ;,  iiu|>crior  cnu  of  ccrnbniJiun,  or  pro- 
CMm«  k  o*r«b«llo  td  Mnbmni  (or  ul  ti^alM) ;  fi,  6s  liUul  tn  tlio  lidiB  of 
tba  cmra  c«r«bri  j  7,  7,  laleittl  gruovui  uf  tlin  urun  cunbii  ;  ti,  corpora 
qiudcigniiiiiB, 
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nf  piiin  (Longpt).  Vol,  ifuiy  of  ibi  crura  Im  touclifid,  p«k 
U  indicnted ;  and,  if  the  reMlfwrm  tncts  of  the  meJnlU 
nblongnta  bo  irriUtwl,  tb«  luott  acute  mffuring  apponn  to 
b«  produced.  It«  Kmontl  or  diMTgnnizfttioQ  by  diseaM  it 
bUo  gnnnuUy  unaccompaniGd  with  loan  or  diMrder  (tf 
senaibility ;  miimiila  fn»n  wtiich  it  ■•  rcmorcd  cms  mdL 
•ee,  hear,  and  foci  pain,  to  ail  appearand,  as  perfectly  m 


Fif.  nV. 


bfiforo  (FlonnMi«:  Mngpntlii').  8r>  tlmt,  altliniigl)  tJie  ifliti- 
form  tracts  of  tho  medulla  oblongata,  nhich  th«mstJTM 
appear  bo  HCUHitirn,  eiiliM-  tho  itimtM-lIiim,  it  cannot  be  re- 
garded a*  a  principal  organ  of  seosibilil;. 

In  teSsrtaux  to  motiun,  tlie  ex]:H>rinient8  of  Lonf^t  aad 
ino«t  otliiTH  n^^reo  tJiat  no  irritntioo  of  tiin  oirclicUiiia 
produces  moTomeut  of  aay   kiud.      Iletaaikable   resoItH, 


*  Fiit  14S-  Oiitlinn  akctoh  of  >  irnctinn  of  th«  isn'bKlliini  ihawiag 
lJi<i  wr|iu>[Wtntuiii  (tioiii  (jitiiiii).  |. — TIm  Hfcliiiii  Lu  beto  ouiiad 
lliniii^li  till'  ImH  liitiT.il  )iiirt  "f  lliv  pon«,  k>  as  lu  <liriJ«  llw  mptnur 
IMiiluiicIc  nrid  p»»  uvuiity  tliro'igli  tli<>  uiydle  ot  tlie  \ttt  rcTtlwllar  hFttri- 
ipticiv.  I'liv  uJiinn'  body  hiu  iW  been  diriilnl  loagitudituUjru  uto 
ocpov  in  irctioD  itii  corpai  drututuni.  t  r,  crun  eenbri  ;  /,  ftllat ;  f, 
corponqiuulrigcininii ;  1  ;>,  ■up«riarpcilon«l«  o(thcc«nbcIlamdIrld(idi 
m  J9.  mitl<31i)  jiciiusiln  or  lolcrnl  pitrt  of  iha  \ioait  Vunlii,  otitli  ibn* 
]wK>!n]|  Imm  ilinin  ili<:  irtilu  xlnm  :  a  1;  I'nutliiiiiiliou  of  the  white  vlom 
ta.IiatbK  tnw>n!ii  tlin  arbor  vitii<  uftti;  tv]\.i;  cd,  KOTpatilniMum;  ^ 
ollvjuy  body  wlllj  i»  tmput  dcutBtum  ;  p.  ■nl«riw  pjmunid. 


I 

I 
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TioiroTer,  arc  prmlurpj  liy  rvntoving  juirta  of  ita  sabstaiice, 
Kloureca  (vhoea  ex[ierimeiiU  liavA  been  abundantly  oon- 
finned  hy  tlinao  of  llnuillnui),  l.ongrt,  and  othon)  extir- 
|wted  tbo  cenb^Uom  in  birds  by  suf^cesalrv  iayen.  Feeble* 
nees  aad  want  of  barmony  of  tho  mm-omenbi  wer«  tlio 
ooneeqiidun  of  mmraving  the  superficial  layers.  When  bo 
reitched  Uio  middle  layers,  tbe  animals  becsme  reatleaa 
without  beinj^  coiivhImhI;  ttit'ir  iQoviim«nt«  vitrv  violciit 
mid  irrogulftr,  but  thctir  Mght  and  bearing  were  perfect. 
By  tlie  time  tliat  tbe  last  portion  of  the  organ  wna  cnit 
away,  tho  AaitnnLi  hnd  entirely  lort  tlw  powers  of  spring- 
ing, Hying,  wnlking,  standiDg,  and  pTe^eiring  tbeir  e(|ui- 
libnom.  Wbeu  au  uniniul  in  tliia  utato  wu-h  luitl  uj^ton  ita 
bode,  it  could  not  rpcover  it*  former  posture;  but  it 
its  wings,  and  did  not  lie  in  a  state  of  etujior ;  ft 
■aw  tlte  blow  tbat  tliroattmcd  it,  and  vndiiOiVoiinHl  to  nvmd 
it.  Volition,  sensation,  and  memory,  therefore,  were  not 
loat,  but  merely  the  lai;ulty  of  combining  the  autlona  of  the 
mosclos  :  and  thi^  endearours  of  the  nnimnl  to  maintain  ita 
iMJaoce  were  like  ihuNe  of  a  drunlceQ  man. 

Tlu!  (MjierimeiitN  allVinti^d  tlu!  Miaa  nwults  when  repeated 
an  nil  classes  of  anlmaU;  and,  from  them  and  the  otben 
lldbn  nfbried  to,  l-'IounMiH  inft^rrud  tltiit  tho  cerebcillum 
boloogs  neither  to  the  sensitive  nor  the  intellectual  appa- 
ratua;  and  that  it  is  not  thosourceof  roluntatymoTtmienta, 
although  it  bdoDga  to  the  motor-apparatus;  but  is  the 
organ  for  the  co-ordiualion  of  the  Toluntary  movements,  or 
for  thn  L'xdtcmnnt  of  tbn  rnmhinfd  nolioii  of  niii!irli!9i. 

Such  evidence  ns  fan  be  obtai  nt'd  from  cases  of  disease  of 
this  organ  cuuiirui a  tlie  view  tukt^n  by  HoureuK;  and,  on 
the  wboifl,  it  giiin*  mipport  from  comparativo  nnatomy; 
animals  whoso  natural  movements  retjuire  most  frequent 
and  exact  i^mbiniitiona  of  muscultir  actiouH  being  those 
whoM  cercbcUn  are  mo»t  duvcloped  in  proportion  to  tho 
spinal  oord. 
H      M.  Fovillo  holds  that  tho  ccr«boUain   is  the  organ  of 


^ 
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nutnilAr  unu,  i.e.,  tite  organ  by  wluck'tlie  mind  aoiiuin* 
tbat  knowledgo  of  tli«  actual  stnt*  ud  position  of  tlw 
musdea  whidi  is  easential  to  tho  exegrdte  of  the  vill  upog  , 
thorn;  and  it  must  be  ftdinitt«d  tliut  till  tlio  fiicta 
nfoiied  (o  oro  lu  voll  oxplninsd  on  this  hypothesis  u' 
that  of  the  neiebeUuin  being  the  organ  for  oombinis^ 
moTomonta.  A  hjkrmooioiu  oombiuatian  of  miuculu 
actions  must  depend  u  modi  on  the  cajisbLlity  of  appn- 
ciatin^  tho  condition  of  tho  diiucIm  with  regard  to  thw 
tension,  and  to  the  force  with  which  the}'  are 
tu  ou  itie  powur  which  auj'  a^wei^  norro-ccntro  may  ] 
of  exciting  tliem  to  contraction.  And  it  is  beoauw  du 
power  of  such  harmonioos  moremeDt  would  Ixt  opudly 
lout,  whethor  the  injury  to  the  OBrobellam  inrolred  injiuy 
to  the  seat  of  moKular  Bv«se,  or  to  the  centre  tar  am- 
biniii)];  inusculjU'  actions,  that  expitrimoiitK  en  tbo  eabjHt 
afford  no  proof  In  one  direction  more  thaa  the  other. 

Oall  was  led  to  believe,  that  the  cecebelluin  is  t]w  o^n 
of  ph3-iii(uil  l»vi»,  or,  as  Spuislieim  oallod  it,  of  amatiTQiwM; 
and  this  vii>n-  is  gfioerally  raoeired  by  phrenologists.  Ths 
trnHn  fiivuuriu^  It  are>  first,  aeveral  cases  in  which  atiojib; 
of  tlio  toJitoH  and  loH  of  aaxuol  passion  haye  becu  ilia 
oonscquence  of  blowa  over  the  cerebellum,  or  wounds  of  its 
subtftiLHco ;  w-condly,  canos  in  which  disease  of  Che  one- 
buIlutiL  lias  l-een  attended  with  almost  constant  Miction  of 
tbo  |>>>iiii>,  mid  fniijiKint  M<niinal  cmiMoona;  and  thirdly, 
that  it  has  Bwmod  possible  to  estimate  the  degree  of  ncxusl 
pnssion  in  dtderent  peraons  by  an  external  examination  of 
the  region  of  the  csratMiUum. 

The  cofos  of  diHcoM  of  tbo  cerebellum  do  not  ptOT« 
much  1  for  the  same  affections  of  the  genital  organs  are 
more  geucruUy  oliM-rvitd  in  diseases,  imd  in  ezperimeolal 
irritaiioca  of  the  medulla  oblongata  and  upper  part  of  the 
spinal  cord  (Loug<?t). 

.     Tho  facts  drawn  from   craniological   examination  will 
receive  tho  credit  given  to  the  ii}-etem  of  which  they  are  a 
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cipal  ftndmoo.     But,  in  t^ipocitioD  to  tliom,  it  iniut  bv 
•tfttrd  that  these  fau  been  &  case  of  compl«to  disorganiza- 

Ition  or  ftbMooe  of  the  Kurelxdlum  vitliout  loss  of  sexuul 
pauioa  (Coinbietta,  Ixingot,  und  Cruvnilliinr) ;  thni  ihn 
codtt.  from  vhom  M.  Flourens  remoTed  the  oerehellum 
showed  sexual  de«ir«,  Uiough  thuy  were  inoopaUa  of 
grstifying  it;  and  that  among  aoimal*  (here  is  no  pra- 
portion  observable  betwe«D  the  atxe  of  the  oerebejliun  and 
^  the  dAviilojHni^it  of  tho  Rcxmil  pomioD.  Oa  ttio  con* 
B  trary,  many  instaDces  may  be  mentioDed  in  which  a  larger 
sexual  appetite  oo-exiMts  witli  a  mnaller  cerebellum;  as 
*.g.,  that  raj-H  aiid  txU,  wliirh  are  among  tlM  (Mi  that 
nopulntd,  hare  not  UmiDHi  on  their  almost  rudimeotal 
cerebella;  and  that  cod-iiah,  wltirfi  do  not  oojiulate,  but 
duponit  tiuiir  gonorntivn  fluids  in  the  vnti^r,  havn  rom- 
poratiTely  well-dereloped  cerebella.     Among  the  Amphibia, 

■  the  sexual  paauom  Is  aj>par«Tatly  ver}'  etruu^'  in  frogs  aud 
tondii ;  yet  tbo  canbelltira  is  only  a  narrow  bnr  of  nervous 
substance.  Among  birds  there  is  no  enlargement  of  the 
oaniWlum  in  the  iiiidc»  tliat  nrc  poIygBmoiis  1  tlid  doniostio 
cook's  cerebellum  is  not  larger  than  the  hen's,  though  his 
aexual  passion  munt  be  estimated  at  many  times  greater 
tlun  hen.  Among  Mammalia  th«  saiao  n^K  hddii ;  and 
ia  this  class  the  experimeots  of  M.  Lftssaigno  havo  plainly 

Iohonii  that  the  abolition  of  tlie  Mxual  passion  by  removal 
of  the  testes  in  early  life  is  not  followed  by  any  diniiuu> 
tion  of  the  cerebellum ;  for  in  mares  and  staUionB  tho 
Avurago  absoluto  weight  of  tlio  (cerebellum  is  61  grains, 
and  in  geldings  70  groins  ;  and  its  proportionate  w«ight, 
compared  with  that  of  the  cerebrum,  is,  on  average,  tfi 
I  :  6'59  in  marea;  as  I  :  ygj  in  gcldloga,  and  only  as 
I  :  7  07  in  stallions. 
On  tlie  whole,  tlierefore,  it  appears  advisable  to  wait  for 
more  evidence  before  concluding  that  tbcrn  in  any  petuliar 
and  direct  connection  between  the  cerebellum  ond  tho 
I  aoxtial    instinct  or    sexual   passion.      From   all    that  has 
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been  ohtami,  bo  olber  oSKm  is  lauitfftst  in  It  ttuui  tlitl 
of  regulating  Mtd  oombioing  tnuscalnr  movRmonbi,  or  at 
eoMiag  thna  to  be  Mf^iuUted  and  combined  by  bo  iufoim- 
ing  thii  mind  of  tlvn  tMio  nod  potntion  of  the  roiiad«  that 
the  will  msy  he  d<<Gnitol<r  ami  aptlj  diroctMl  to  Ibonu 

The  influeoce  of  each  hair  of  the  oerebellum  is  dirooM 
to  musdoB  on  the  opftoaito  Aide  <^  th«  bodv ;  and  it 
appear  that  for  the  right  ordering  of  movenuaitn, 
actions  of  ite  tiro  halves  mtict  be  always  mutually  bnUanl 
and  adjiuled.  For  if  one  of  its  crura,  or  if  the  pofutn 
eitber  siile  of  t\n>  middle  line,  bo  diridi^d,  im  uh  to  nd  off 
from  the  medulla  oblongata  and  epinal  cord  the  intluienw 
of  one  of  the  hi<mUph«T«H  of  the  oerobellum,  Htrangel; 
disordered  moi-ements  ensue.  The  animala  fall  dora  on 
the  side  opposite  to  that  on  which  tJie  crus  ccrobnlti  liu 
been  diviilrd,  and  thirn  roll  over  continuously  and  n- 
pe«t«dlyi  tlie  rotation  being  always  round  the  long  axii 
of  their  bodim,  aud  from  the  Hido  oii  which  tlio  injtuy  hi* 
bc«n  iuflirtcid.*  Tlie  rotations  eometimee  take  place  iritll 
much  rapidity^  as  ot^en,  according  to  M.  Magoodi*,  B> 
sixty  tiiuCH  in  a  niiuul«,  aud  may  la»t  fot  sovctal  iaji. 
Similar  niovcinmtii  hnvo  hrva  ob«4Ted  in  men;  aa  by  M. 
SeiTca  iu  a  mim  in  whom  tlierc  was  aiioitleelio  effusian  b 
thc!  right  (TtiH  CL'rulritlH  ;  mid  t>y  M.  Itclhomme  in  a  woumb, 
in  whom   an    esostous  prcB(«d  on  iha   left  orus-I     Tlwy 


*  IbRIBdls  wd  irailir,  and  Othtrs  Mluving  liim,  mj  Ui«  i 

U  fmnmb  th»  Injartd  Bid*  t  but  LtagBtandotlicn  mora  cmrMiljri 

tho  Ktat«iu«]t  u  in  tbc  ttxt  The  diffcrcnco  ha>  probnbl;  aiUcn  from 
utiiig  tli«  wordi  rifhl  aud  tf/l,  frilliout  mjlnjc  whoM  lijtlit  kiiJ  Irft  u*_ 
mpimi.  wliothor  tJicuc  of  the  oliKmrcr  or  thou  of  Uio  obwriYil. 
for  cinnijiln,  nn  oniin<i]'>  Tig]\t  nuai-orvb^lli  i*  Jlrid*il,  he  rvllat 
own  rl;;hi  to  Ills  onn  li>ft,  Init  Itom  llie  UH  to  llie  liglit  of  one  wbo  la 
■taniliiiij;  111  fmut  (•rLiiii. 

t  SmshcIi  Ruucollvi'tnjBDct  recorded  by  Dr.  Titgct  inthe  £d.  Med. 
«ud  Surg.  Journal  Tor  1S47. 


PrNCTIOSS  OP  THE  CEREBaClL       53 1 

may.  perhaps,  b«  oxpLained  by  OGsaniiiif*  that  tliD  division 
or  injury  of  tlto  onia  oerebelU  produces  pantljrsls  or 
impcrfiitt  luicl  iliwordarly  moremsiits  of  the  opposite  side 
of  the  bod^ ;  the  Aoimsl  Calla,  and  tii«D,  »tni{cglin^  witli 
tbe  dteordered  aido  on  the  groimd,  and  Btriviiig  to  riso  with 
file  other,  pushes  itsdf  over;  and  »o,  again  and  agaiOf 
n-ith  the  stimo  act,  rotatM  ilMlf.  Such  morements  oease 
Then  th«  other  cms  cerebelli  is  divided ;  but  probabtjr  only 
bccaiiMi  the  purid}'*is  uf  llu:  body  is  thiu  mitdft  alinost 
oompletfl. 

STRDCTl'BE   *XI>    ritTS101.0r.T    OP  THE   CEnr.DXrtl. 

The  cerebrum  ia  placed  in  ccnnection  vitli  the  pons  and 
medulla  oblougata  by  its  two  crura  or  jHidiuicln  (fig.  149) : 
it  'i»  (lonnoctcd  n-itli  the  cerebellum,  bj*  the  prooeeses  called 
superior  crura  of  the  oerebelluta,  or  pneeita*  a  etnbttlo  ad 
UtUt,  and  by  n  luytw  of  grey  mtitter,  ciUlod  the  valve  of 
Yimiwinni\  vhich  lies  between  tltese  proeesaea,  and  extends 
from  the  Inferior  venuifona  [iroceas  of  tliti  ocnilH'Uiim  to 
the  corpora  quadrigemina  of  the  cerebrum.  These  parte, 
which  thus  c<iiiuet.'t  the  ccreliruin  with  the  other  jiriuci- 
pal  divieioDS  of  the  ccmbro-spiniil  iiervoiis  cpnlre,  form 
ports  of  tlio  walls  of  a  cavity  (the  fourth  ventride)  and  a 
canal  (the  iter  a  trrtto  ad  iiuarttim  pfntrieuhuii),  wliidi  ara 
the  ooulinuatioD  of  the  canal  ttiat  in  the  footus  extended 
through  the  iv-hu1»  Ituigth  of  the  spinal  cord  atid  bruin. 
They  nuiy.  therefore,  bo  riigardwl  as  the  uintiiiuntion  of 
the  oerfbro-Hjiinal  axis  or  column ;  on  which,  as  a  develop- 
ment  bvm  tho  eioiple  typo,  the  <!eri>WUiim  in  plmod  ;  and, 
on  the  further  continuation  of  which,  structures  both  larger 
and  more  numerous   are    raised,  to   form   the    cerebrum 

Ifig.  M31- 

Till!  cortilffid  coiivohiliou*  appear  to  be  formed  of  nearly 
parallel  plates  of  fibres,  the  ends  of  wliich  are  turned 
towards  the  surface  of  the  brain,  and  are  overlaid  and 

u  M  2 


532  TttK  SEBTOCa  STSTBU. 

mingled  vith  anccMun  lajors  of  gnj  nane  -  autriinw 
Tli«  exbtttiAl  gtftj  mutter  u  M  «mngeil  in  hyen,  that  a 
TOrticfld  HctioD  of  n  conTuluticm,  accordiog:  to  Mr.  IiOcUiut 


CUi^  gen«rsll7  proeents  ^e  appearanco  of  seren  layon 
of  pala  and  dark  nerrous  substanoe.  Tlie  atmcture  of  the 
grey  inattor  ia  that  vhivh  belongs  to  Teoicular  nerroiu 
Rubstance  (p.  47 Ji- 
ll ia  iioarly  certain  that  the  cerebral  hemtspliens  an 
[he  organ  bj  wliidi, — 1»(,  we  perceive  tbose  dear  and 
tnoro    impKfisivo    sensntiona    whicli   wo   can    retain,    and 


'  Tig.  r49.  PI«n  in  outline  of  tJiii  ^ucviiliaJon,  u  Mi-n  trrm  th«  right 
till*,  f  tFrum  ()uiikn).— Tin  jMrta  iru  rpprcHotcd  u  aciianilRd  fmn 
oDouiotlHTrsanivwIiat  mora  tlinD  culiiral,  no  u  to  nhov  t)udr<i)iw«c- 
lions.  A,  corcbnim  ;  /,  g.  A,  iu  uiiciior,  midJIc,  aud  jKialaiiarliibu  i 
f,  Itcsun  at  Sj'lviu* ;  Jt,  canbolltim  ;  C,  puaa  Vamlii :  D,  nnlvll* 
oUongota  ;  a,  pcdnndr*  of  tli«  ttirvbram ;  b,  t,  d,  (upctior,  nuddio, 
and  inferior  pwlntivlra  of  IIm  cunbvlitittt. 
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Aooordiiig-  to  which  wo  cno  jadge;  Znd/y,  bj  vlucli  ai« 
(perfonnod  UuMe  acta  of  wiU,  each  of  wbich  requiros  a 
[deliberate,  however  quick,  dctnnninittiDn ;  ^rdlif,  th«j-  an 
<  lliu  niviUM  of  retaining  itnprtKMioDs  of  sensible  thing*,  and 
(TCproduciiig  them  in  subjuetivo  een&atioos  and  ideas; 
4ihhj,  they  aro  tlm  lUMliiim  of  tho  higher  (imotionft  and 
fticliags,  ftod  of  the  tacultiea  of  judgment,  UDderBtandiog, 
I  memory,  rvflecliou,  iuductiou,  and  inmpuation,  aud  otliiirs 
I  of  a  liku  cLkM. 

Tbo  GTideDCt«  that  the  cerebral  hemiqdiens  have  the 
tious  indicated  above,  are  (dilelljr  tb(«e: — I.  That  any 
injur}'  of  tbcin,  ciKh  M  a  gtrnmil  coocuanoD,  or 
kanddflD  pnwsuie  by  apoplexy,  may  instantly  deprive  a 
limit  of  all  iJOw«r  of  ntiiuifwliog  estamally  any  mental 
'  fiicully.  2.  Thnl  in  tho  eame  gaoeral  prc^rtion  im  the 
(higher  eensuoua  mental  bcultjes  are  dereloped  in  the  me- 
[tebrata  animals,  and  in  man  at  <Iifr«nint  ogiw,  tlie  more 
Eta  the  size  of  the  rorobrol  heuiiepherea  developed  in  r</m- 
I  porison  witli  the  reet  of  the  cerebro- spinal  system.  3.  That 
[no  otlwrr  part  of  tho  ndrroiis  nyrtom  Wan  a  «)rTC6]>onding 
^proportion  to  the  development  of  tlie  mental  f>iculc.i<<«. 
[4.  That  oougeuital  and  other  morbid  defecUi  of  the  cerebral 
I  lieinisphoro  am,  in  gvneral,  accompanied  vrith  corroiipond- 
^iog  deficiency  in  the  range  or  power  of  the  intelloctHal 
\  faculties  and  the  high«r  instiiicta. 

l{i.>«{>ecting  the  mode  in  which  tito  briun  dischargva  it* 
[. functions,  there  is  no  evid«uce  whatever.  But  it  appear* 
for  all  but  itit  highest  intoliccttuil  nctn,  onu  of  the 
ebral  bemisphorcs  is  sufficient.  For  numerous  caaca 
[are  recorded  la  wluch  no  mental  deft^ct  vras  obaerved, 
althoug-h  one  cerebral  hemisphere  was  so  diso^iaaiavd  or 
atrophied  that  it  could  not  be  supposed  capable  of  dia- 
obarging  its  functions.  The  remaining  hemiapHero  waa, 
in  theae  oases,  ade<iuat«  to  the  functions  generally  dia- 
chox^ed  by  both;  but  the  mind  does  not  soem  in  any  of 
these  oasea  to  bare  been  tested  in  very  high  intellectual 
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exerdMs;  bo  tbAt  tt  is  not  certain  thst  ono  bomi^eN 
will  saJBos  for  Umm.  Id  general,  the  mind  conibinQ*,  m 
one  sonutton,  tlie  impmancms  which  it  dirivcn  TrmB  one 
ohjcct  throu(;h  both  h«miHpheTe«.  and  the  ideas  to  whiA 
tho  tvo  Kuch  impTMMOiu  give  riac  are  Hingis. 

In  relation  to  common  sennrtioD  and  thrr  cflort  of  tho 
will,  the  impresnoaB  to  and  trom  th«  hemiapfaeres  of  llw 
hrain  are  uuried  ocroas  the  middle  line;  m>  that  in  destnio- 
tion  or  oompreMion  of  eather  lietni^phero,  whateror  ofiMs 
ftre  produced  in  loss  of  seDsation  or  voluntary  tnotioD,  m 
ohMrmd  oil  tli«  side  of  thti  badj'  oppotiito  to  tliat  on  vhich 
tho  brain  is  iiyured. 

Id  speaking  of  the  oerebral  licmiA])hi»«3  us  tlie  so-called 
organs  of  Uio  mind,  thny  luivn  Iwim  r(^rd«d  as  if  Ohj 
irere  slngld  or^aus,  of  whicb  all  parU  are  equalljr  wppm- 
priato  for  tha  oxerdse  of  each  of  tbu  Dwintal  fW^uIties.  Bm 
it  is  possible  that  «aeh  faculty  has  a  special  portion  of  ll» 
hratii  sppropriutcd  lo  it  as  its  proper  organ.  For  tbia  tlieory 
the  priucijial  dvidiTiices  are  lis  fallow*  : — I.  That  it  is  in 
occordnnce  witli  tho  physiology  of  the  otlier  compovnd 
organs  or  systems  in  the  body,  in  wliich  each  purt  has  in 
njiecial  fuuclion;  or,  forvxnmpln,  of  tbo  digwtivo  ^vt^m. 
iu  which  tbi>  stomach,  liver,  and  other  orgUlB  perfonD  eub 
thoir  separate  shara  lU  the  giiiend  proceM  of  tlio  digestion 
of  tho  food.  2.  That  in  differpnt  individuaU  the  aenral 
mental  functions  are  manifested  in  very  different  degnsB. 
Even  in  early  diildhood,  before  education  can  bo  ims^nod 
to  have  e.xetcisetl  any  influ^uc«  on  the  mind,  diildmn 
exliibit  various  dispiisitioiis — euth  presents  aoinie  predomt* 
nimt  proponwty,  or  evini^s  a  singiilur  aptnosa  in  Mmn 
study  or  pursuit ;  and  it  is  a  matter  of  daily  observation 
that  every  one  lias  bis  jieculiar  talent  or  pnuMwudty.  But 
it  is  difficult  to  imiigine  how  this  coidd  be  tho  c«M>,  if  tlio 
manifestation  of  eiioh  faculty  depended  on  thu  u-holo  of  the 
brain  :  diifereiit  conditions  of  the  wbole  maas  mlj^ht  aHeot 
the  mind  generally,  depressing  or  exalting  all  its  functioii* 
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in  an  niunl  ilngreo,  but  could  not  permit  one  fhcultjr  to 
bo  strongly  anil  anotlior  Vf^akly  mauifiisled.  3.  The 
plorality  of  organ*  in  Ihri  tirain  is  BUpi>ortcd  by  the  phe- 
nomena of  Komo  forms  of  mental  demu^ment.  It  is  not 
nsual  for  all  tlte  mental  fariiltiitu  in  im  in^nno  pOTwni  to  bo 
equally  ilinordorad ;  it  often  hapiiens  that  the  etrent>tb  of 
w>ni«  ia  increased,  wliilo  Ibat  of  otben  m  dimininhud  ;  and 
in  many  cases  ddo  function  only  of  tho  mind  ie  deranged, 
irliila  all  the  rest  aro  performed  in  a  natural  manner.  4. 
The  «ame  opinion  :a  Hii]iiiorli?d  by  the  fuel  tbat  tlio  M>\-i>rB] 
tnontal  faeultiea  arc  dfv«lopo<l  to  tbcir  grrntc«t  ntri'-iigth  at 
difforont  porioda  of  life,  some  being  exercised  with  great 
energy  in  childhood,  others  only  in  adidt  ago ;  and  that, 
HH  tiKtir  l■nl^^gy  ilriTniuiiMt  in  old  agn,  ttii.-ro  i.i  not  a  gradual 
and  ei]ual  diminution  of  power  iu  all  of  them  at  OQC«.  but. 
OB  tlM  contrary,  a  diininutioo  m  on«  or  mor^  while  others 
retain  tlieir  full  strength,  or  eT«o  increase  in  powor.  5. 
The  plurality  of  wvebral  oi^ima  appeaw  to  bo  indicated 
by  till!  pliiinoiiuinn  of  dreams,  in  wbicli  only  a  part  uf  tbo 
nioolnl  faculties  aro  at  rest  or  asleep,  while  tho  otiiers 
are  awake,  and,  it  is  preaumed,  are  exercised  tbrouf^Ii 
tho  medium  of  the  porta  of  tho  brain  appropriated  to 
them. 

Tbeao  fucti  Itaro  lieitn  an  illustrated  and  adapted  by 
phrcmologinte,  that  the  theory  of  tho  plurality  of  orguoa 
in  the  oerubrum,  thus  made  probabk',  has  been  commonly 
r^ardiHl  an  pifriitiar  to  plimnology,  and  aa  no  euiouliully 
F  cooawted  with  it,  that  if  tho  system  of  Gall  and  Hpurr.LciiR 
untrue,  tliiii  tlteory  cannot  be  maintained.  But  it  is 
plain  that  all  the  system  of  phrenology  built  upon  tlio 
theory  may  bo  false,  and  the  theory  itself  true ;  for  phr«- 
uolojriwts  uiisume,  not  only  tliis  theory,  \»\t  al*d  that  they 
luivo  detorminod  all  the  primitive  fticnltios,  of  which  lhn 
mind  conaisla,  i.e.,  all  the  faculties  to  which  special 
organs  must  bo  assigned,  and  the  places  of  ull  thon 
organs  in  the  cerebral  hemispheres  and  the  cerebellum. 
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That  thiB  is  ft  wyOMaot  etror  Ihnv  need  be 
but  it  u  poaubij  founded  on  «  tnte  tlwor? :  tbe  Mn- 
bmm  mny  tuivn  many  o^ana,  sod  the  mind  as  ma^ 
f^ulliea;  but  what  axe  tfai»  fncullim  tkot  leqaira  sepanM 
orgnnx,  a:ul  when  thoae  ocguw  aie  dtoate,  bio  BalgMti 
of  which  only  the  moat  general  and  rudimeatary  ksov- 
led^  haa  been  yet  attained. 

Kruiii  thu  apjuinmtly  greater  foequmcy  of  tnt^rrftircaiot 
with  tiie  faculty  of  spdoch  in  diaeiwa  of  the  left  than  of  tlw 
ri^ht  half  of  tlie  cenbnuti,  it  haa  been  thought  that  Ifae 
norru-cuutn:  fur  Imiyaai/f,  including  in  tliis  term  ttU  laid- 
lectnal  cxpnaucn  of  ideaa,  ia  Rituato  in  tbu  'r/t  cvn-bnl 
henuspheie.  It  cannot  be  said,  boverei',  that  the  exufting 
Gvidinw«  for  thia  theory  is  at  pr«adDt  aufBciuut  to  ban 
eatablished  it. 

Of  tbe  physiology  of  the  other  parts  of  the  hrftin,  little 
or  nodiing  con  bo  nid. 

Uf  the  offices  of  the  corjtua  eatlcmm,  at  gtettt 
Hud  oblMjae  commiseure  of  tlui  brain,  nothing 
knovo.  Itut  instaocea  in  which  it  was  abeoot,  or  veiy 
deficient,  ^ther  without  any  erideot  mental  deCee^  or  with 
cnly  Buch  as  might  W  aacribod  to  coincidtct  aflbctienaof 
other  purte,  moko  it  probable  that  the  office  which  is  com. 
luouly  ataigned  lo  it,  of  enabling  th«  two  udes  of  the  braio 
lu  act  iu  cuucord,  is  exercised  only  in  the  highcwt  acta  of 
which  the  mind  is  capable.  And  this  view  ia  conitmed 
by  lh«  wry  latu  period  of  ita  (leTelopmwnt,  and  hy  its 
absence  in  all  but  the  placootal  Mammalia-* 

To  the  fornix  and  other  commi»aurcs  no  special  fninctim 
can  be  uesigiuxl;  but  it  i«  a  rpnnotinble  hypothesis  that 
they  connoct  the  action  of  the  parbi  betwueu  which  they 
are  severally  placed. 


poaittvM 


*  Sec  cases  of  cnij|^<TiitAl  defideney  of  the  corpus  cbIIoduiu,  by  Mi 
PdgM  and  Mr.  Ilmry  in  tlip  twciity.niutb  anil  tliirty-fint  votuiais  <f 
the  l[edlco-Cliiiiu)poal  Tniuacttaeis. 
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As  Utile  U  known  of  the  fuoctioD  of  (ho  pinool  imd 
Pig.  150.* 


'  Fig.  150.  View  of  tbs  coipna  m11«mud  bom  abovft  (Dmn  Sqtpty 
after  Fuvillp).  {.— Tlic  npperiniftoaoif  tlmcatpiw  nllanUD  lin  b««ii 
fulljTMiK'tFdl)'  upnraiiii|{tIioceT<!bnIhcint>phcmuiiltlir<>u-[ii;;tIir[n 
to  tbo  liilc  :  llic  Kyrns  f»mlratu>  hu  lion  delaeh«<I.  imi  the  tiaDircno 
ibm  of  the  cnr|>uii  rjitlo^um  Irai'iil  fur  hiiuiv  ilUkini^a  intn  iho  csrebnl 
■ncdnlUvy  Mibhtauuo.  I,  thr  ujjvvr  lurruiu  uf  thu  vuri'iu  i:alla«iiiii ;  3, 
Bcdiaii  Airrov  «t  nipliv  1  3,  luiik'iliidintLl  atriw  txiuiiiling  lh«funinr; 
4,  twtlllnt;  fariu«il  )>y  lli«  InumvpttHi  Iwuls  at  llivj'  )nim  inlo  lb«  rera- 
tnm  ;  5,  oDtiTiurMlrTmitj'  of  knee  cf  the  mrpunoilluinuu;  6^  pvotetior 
aztiemity ;  1,  anterior,  and  S.  pmtarior  paiTt  of  the  nian*  or  Glim  pro- 
CMding  fmm  tho  cotpui  I'altoiuni ;  9,  nMi^n  ef  the  nrellmg  ;  10.  Ulte- 
rior jHirt  of  Ih«  ccpiivYiluttoii  of  tho  corpus  calloium  ;  1 1,  hem  or  bani 
(bunion  of  tliia  roninlnlion  1  13,  InUrniU  coavolutiiMi*  of  tbc  parietal 
^'^  i  'ii  nppur  iiurfice  of  the  cervboUum. 
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pituiUry  glande.  Tko  Utter  biui  Wn  enppoved,  Iroim  tU 
miurosvoiiic  structure,  to  be  rather  u  ductless  gtoad  (p.  4I0) 
tbitD  11  DcrvouH  (irgaU. 


rUTHIOLOGY    or   TUK   CXnKUItAt.   i:(I>    SriNAI.  KSBTH. 

The  corebnl  nervee  sro  oaminoiilf  enumorutnl  ob  mne 
pairs;  buttlienumber  is  in  reality  tweire,  the  seventh  aunt 
coatafAing,  bm  it  do«(,  of  two  ncrvn*,  luiil  tliA  «i^'bth  of  throe. 
Theso  nnd  tli«  spinal  nemw,  of  which  thcr«  «ro  thirljr-oM 
pairs,  eyiQinelriwilly  arraoged  od  each  aid©  of  what,  ns 
duond  lu  tin  Nimpliwt  funo,  muy  bu  regaided  as  a  oolunm 
or  axia  of  nerrotiB  matter,  esteoidiiig:  from  Ibn  ulfactoiy 
bulbm  on  tho  clhmoid  boiM  to  the  Jilwn  termtiiale  of  tb* 
i^iual  cord  in  the  lumbar  and  s&cral  portions  of  the  T<S- 
t«bral  oanaL  Tb«  Bptoal  nerrM  ail  presout  c^rtaia  ohs* 
nu'tcn  til  common,  Nuili  hh  lUcir  double  roots  ;  tlie  iaoUtion 
of  the  fibres  of  seosatioa  in  tlic  pn»tcrit>r  rool*,  and  time 
of  motion  in  the  anterior  roots ;  tbe  formation  of  tlio  gan- 
g;1ia  on  thti  pontcrior  nx)! ;  and  tlu)  tnibwMiui^t  miagliiif 
of  tho  fibres  in  trunks  and  branches  of  niixixl  funotioas. 
Similar  characters  probably  belong;  esaenlially  to  the  con- 
hrul  ni^rvT'K ;  bnt  oven  when  on'i  inf^hidutt  tlie  nerres  of 
epecitd  BOQse,  it  is  not  poMible  to  (]i«cem  a  con  form  ilj  of 
arrangt^ment  in  any  bcniden  tho  fifth,  or  trifacial,  which, 
from  its  many  onnlogios  to  tho  flpinnl  ntrr*!)!,  Sir  Cltarlei 
Bell  deslf^ed  as  a  spinal  nerve  of  tho  head. 

A<^in]ing   to   tlieir   sovnrul  fun(^tioDit,  the  cerubrul  or 
cronin)  nen-es  may  be  thus  arranged  : — 


XtTvt'Hof  i^iMialwnio  .  Olfactory,  nptic,  anditorr,  pArt  of  tlic  glcwo- 
pharjiifttal,  Kn>l  llio  llnKnil  tirunch  of  IIm 
fifllu 
„  of  common  seumttioa  Tliv  grmltr  portioa  of  tlia  Kdh,  and  port  of 
iJio  j^loHO-phuyngeaL 
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Tliin),  fourtli,   lencr  diriuon  of  the  flfth, 
PnouinojcMirlc,  and  acctauij. 


The  phjaologj-  of  the  Hev«ral  nerves  of  Uio  special  senses 
win  bo  coiLudered  witli  the  orgaos  of  those  eeiue*. 

Phiftioloyy  of  the  niint.  Fourth,  and  SiJlh  CfnlraJor 
Cranial  Xetvft. 

Th«  pbyuology  of  these  Derres  may  be  ia  rome  de^eo 
eaubined,  bscauM  of  thoir  intimatu  conDOction  witli  cacli 
other  in  the  nctioDs  of  the  muBcles  of  the  eyeball,  n-hjcli 
they  supply.  They  are  probably  all  furmod  eitlusivoly  of 
motor  fibres :  some  piiin  in  iniliciitod  when  the  tnuilc  of  the 
tJutd  nerve  is  irritated  oe^  its  origin;  but  this  may  bo 
because  of  some  fihiuciit«  of  the  fifth  nerve  nuioiug  back- 
iraids  to  the  brain  in  tlie  tmnk  of  the  third,  or  hocauM 
adJHt'ent  eenHitire  parts  are  iuvulvi^d  in  the  irritatioa. 

I'he  lliird  lutrvn,  or  motor  omili,  mpplios  tho  levator 
palpebral  eupcrioris  muscle,  and,  of  the  muscles  of  tho  eye- 
ball, all  but  the  superior  obliqiiu  or  trofjhlettris,  to  which 
the  fourth  nurro  i»  iippropriiilcd,  ntid  the  rectus  luttentua 
which  receives  the  sixth  nerve,  Tbrouf;h  the  medium  of 
the  uphlhaliuii.'  ot  luuUtular  ganglion,  of  which  it  forms 
what  i«  cn.tl(^d  the  short  root,  it  also  supplies  tho  motor 
filaments  to  tho  iris. 

\\'hMi  the  tliird  ncrvo  is  irritated  within  tho  >iku11,  all 
those  muscles  to  which  it  is  distributed  are  convulsed. 
When  it  ia  poralyxed  or  divided,  tlio  following  effect* 
ensue :  first,  tho  upper  eyelid  can  be  no  longer  rallied  by 
the  lerator  palpebrie,  but  drops  aud  remains  gently  closed 

er  llie  eye,  under  tho  unbatruticd  tiitluL>]i(ti  of  the  orbi- 
palpebrarum,  which  is  supphed  by  tho  facial  nerve; 
seoondly,  the  eye  is  turned  outwards  by  tho  unbalanced 
action  of  tho  rwtiid  exti-nius,  to  wliich  the  sixth  uctrve  is 
appropriated :  and  hence,  from  the  irregularity  of  the  axus 
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of  the  ejea,  doubl6-«iglit  i«  often  eacperieoc«d  wlwn  a  > 
obji-ct  u  -witlun  ri«w  of  both  Um  eyos:  thirdly,  Uw 
cannot  be  moTod  either  upirards,  downwordR,  or  in* 
fourthly,  tho  pupil  is  diktod. 

Tbo  roUtioit  of  the  third  aerro  to  the  iris  ut  of  pecnliit 
ioterost.  lu  ordinary  t^ircumataiioes  the  contraction  or  die 
irt«  !«  n  n^Sex  nctigo,  which  may  bo  exiiluiued  aa  produced 
by  tlio  etimuliui  of  light  on  the  reljiw  being  convefed  hj 
the  optic  Dftrve  to  Uui  brniii  ([tiobably  to  the  i-orpon 
(luailrigcmtna),  and  thence  reflected  through  the  thild 
servo  to  the  iris.  Hcuoe  tho  iria  ceases  to  act  when  eitbar 
the  optic  or  tlio  thini  norvo  is  divided  or  destroj-ed,  or 
whpn  the  corpora  quadri^uina  are  dertroyod  or  miuli 
compressed.  But  wh(«n  tho  optic  ncrro  is  dividod,  ths 
eontmction  of  the  iris  may  be  excited  by  irritating  tbtt 
portion  of  tho  itcrvo  nliich  ta  connected  with  the  bnJn ; 
tmd  when  the  third  nerve  is  divided,  the  irritation  of  its 
distal  portion  wIU  still  extlto  contraction  of  the  iris  in 
whidi  it«  tihrMi  arc  distribwt«d. 

The  contraction  of  the  irts  thos  ehoivs  all  the  character 
of  a  rvflex  iict,  uiid  in  ordinuy  cojws  retjuirea  tho  concurrent 
action  of  tho  optic  nerve,  coqiora  quadrigxmina,  and  thiid 
nerve ;  and,  probably  ahio,  couaiderin^;  the  peculiaritie*  of 
ite  perfetit  lumlc  of  artion,  the  ophthiiluiiu  gtuigUon.  But, 
besides,  both  iridos  will  contract  (heir  pupils  iiiidi^r  tlis 
reflected  stimulus  of  light  fulling  only  on  one  retina  or 
under  irritation  of  one  optic  nrrvi:.  Tliu«,  in  ninaurosia  of 
one  eye.  it*  pupil  may  contract  when  tho  other  oyo  is  ex> 
posed  to  a  stronger  light :  and  generally  the  contraction  of 
oiU'h  of  thf-  pupile  appears  to  be  in  direct  proportion  to  the 
total  ijuantitj-  of  light  which  stimulates  either  one  ot  both 
retin.i',  lu.'cording  as  one  or  botli  eyos  are  0[>en. 

The  iris  acts  also  in  association  with  certAJn  other  mus- 
dea  supplied  by  the  lliird  nen'e:  tbuii,  when  the  eye  is 
diroctvd  inwanln,  or  upwiLrds  mid  inwards,  by  the  nction 
of  the  third  nerve  distributed  in  the  rectus  intemaa  tad 
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I     TKitta  sui^crior,  th»  iris  contntcta,  u  if  umler  direct  toIud- 

■  tary  inlliioncft     The  will  caanot,  hoirtTT«T,  act  on  tfae  iris 

^nloBS  through  thi^  third  uciro ;  but  this  aptness  to  oootraet 

Vbl  aModfttioD  with  the  other  muscles  supplied  by  tho  tlurd, 

may  be  sufliciect  to  make  it  set  even  in  totnl  blindu^M  and 

inaenaibihty  of  the   retina^  whfmvvcr  thMO  muscles    aro 

COOtnuttod.     Tho  contraction  of  the  pupils,  wlien  th«  t>yn 

«re  moved  utworde,  aa  in  looking  at  a  nonr  object,  has 

probably  the  purpow  of  excluding  those  outermost  rays  of 

light  which  would  be  too  far  diverpent  to  bo  refnttted  to 

a  dear  image  on  tlio  rctink ;  and  tbn  dilatation  tn  looking 

atmight  furnmrds,  as  in  looking  at  a  distant  object,  permits 

the  admission  of  the  largeet  number  of  ray»,  of  which  uoiic 

I  are  too  dir»|p»it  to  bo  ao  refracted. 
Tha  fourth  nerve>  or  Ntmn  troehltaria  or  pathrtieta,  i* 
axduaively  motor,   and   supplies  only  the  trochlearis  or 
^  obliquua  superiot  muscle  of  the  eyebalL 


\ 


The  Mxth  nerve,  Nerrxis  abibicent  or  oeularis  ftifrrnu*.  is 
abo,  like  thi;  fourth,  exclusively  motor,  and  aiippUea  only 
the  rectus  oxtomus  muscle.*  The  rectus  extrminn  it, 
therefore,  convulsed,  and  the  eye  ia  turned  outwards,  when 
(ho  sixth  norvo  is  irritated;  and  the  musde  paralymd 
when  the  nerve  is  disorganized,  compreescd,  or  divided. 
Id  all  sadi  cases  <'f  pttmlynia,  the  eye  squints  inwards, 
and  cannot  be  moved  outwards. 

In  ita  course  through  the  cavernous  eimiB,  the  aixtb 
sOTvo  forms  larger  communipatiocs  with  tho  Bympiitliotic 
nerve  than  any  otlier  nerve  within  the  cavity  of  the  skidl 
doM.  But  tlio  imjMirt  of  tlic-se  commuuicationa  with  the 
aympAthetio,  and  the  subsequent  distribution  of  its  lila- 


*  In  Hrtral  ntiimal*  Jt  Hiitls  UaiiiiMit*  to  llic  itia  (K«di(ilylb  Btll)  i 
mdit  hupnibnbly  ik>R«  loio  mau.  in  iiaiu<!iu«laucs«in<rbickt)M  Srts 
ha*  not  born  parnl jicd,  while  all  lh«  ut)i«r  purli  >u}>jiUci(l  by  tbti  thici 
.  ucrrs  1HTS  <Gruil]. 
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numU  nlW  joining  the  eixth  nerve,  are  qaite  nnknownt 
mid  lh«<r«  is  no  mwo  to  Wlioro  tlmt  tliu  HtxUi  nvnre  b,  fa 
fiiuiiiim,  more  closely  mnnocted  with  tlio  ajroiutlutit 
than  M17  othnr  cKvDbra!  nerve  is. 

The  question  has  o(l«n  su^gMtwl  tbulT  why  tlie  ati 
muadea  of  the  ej-eball  ahoold  be  au|>pUecl  by  time  motw 
nervM  whan  all  of  thom  am  williin  roach  of  the  bmulM 
of  one  nerve ;  and  tho  true  ej(|>lnnatioii  woulil  hnra  tnon 
iotoT(Ht  tlian  attaches  to  tiie  moTementa  of  the  eye  alooo; 
atnce  it  ia  girobftblu  that  we  have,  in  this  iostanoe^  witlui 
K  small  space,  an  example  of  eonw  general  rule  aoconliax 
bo  wliidi  associate  or  antagonist  musdes  aie  supplied  wUk 
motor  ncrvns. 

Now,  in  the  several  moremeote  of  the  eyee,  we  sometimei 
lure  to  act  with  sjmraotrioally -placed  muaclee,  as  iiha 
both  eyes  are  turned  upwards  or  downwardii,  inwards  or 
outwards.*  All  the  symiaetrtoally-plaoed  mosclee  are  sup- 
plied with  «yinmetiical  nerve^  i.«.,  w^th  corrcKponiLiDg 
braocbes  of  llie  samo  nerves  on  fho  two  sidc^ ;  and  Ihf 
action  of  these  B\iumetrica]  muscles  is  ea^  and  naluia], 
as  wo  have  a  uatural  tendency  to  aymraetrioal  iBOvonuet 
is  most  parts.  But  because  of  this  tendeii^  to  symaw- 
tticol  inoveoients  of  muscles  supplied  by  lynnnotrkal 
nervtut,  it  would  appear  as  if,  when  tho  two  eyee  ore  to  be 
moved  otherwise  than  symmetrically,  tho  miiscles  to  effiaet 
»uch  a  tnovemout  must  be  iiuppli<!tl  with  dilTnrcnt  nervM. 
To,  when  tho  two  eyes  ore  to  bo  turned  towards  one  1 
say  the  right,  by  the  action  of  the  rectus  extemus  of 
right  oyci  ntid  the  rectus  iuterniis  of  tlie  Ictt>  it  appears  as 
if  tho  teodoiiGy  to  action  through  the  similar  branches  of 
oorreaiHiudiog  nerves  (which  would  move  both  «yn»  in. 
word*  or  outwardn)  were  corrected  by  one  of  these  muscles 


*  It  is  somoliiDM  ^d,  thftt  th«  fitcmn)  rrcti  csaaot  Im  pal  ta 
RCtinn  ximitlbincaiuly  ;  yot  th«;  nn  m  vlion  tha  oyrs,  hsring  tM<a 
I101I1  ilirnr.tcil  inKitritii,  are  TssUnd  te  Ui«  poatlioo  which  tiaj  hat*  is 
loukiiig  atmiBht  forwHnlii. 
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being  supiillud  by  lbs  aixth,  and  the  otIiiiT  iry  tho  Uitrd 
nam.  So  with  the  oblique  miucleB :  the  siiuplcat  and 
maimt  aotiona  would  be  through  brauchra  of  thu  com- 
vpoodiug  nciTW^  octiug  stmilarl}'  na  symmetrical  muedes ; 
but  the  nece§8ary  morements  of  the  two  uy*a  rtMiuiro  tli« 

toontxaclion  of  the  nuperior  oblique  of  oue  sido,  to  bo  asso- 
ciated with  tli«  coQtrnctioD  of  tito  Inforior  oblique  aod  the 

ralaxation  of  the  superior  obliqup,  of  the  o[>po«ito  iuA*>. 

For  tliid,  th«  fourtli  uerv«  of  o)iu  euJo  ia  ina^e  In  net  witlt 
B  •  branch  of  tho  tliird  ncnro  of  the  otlier ;  as  if  thua  the 

tandawy  to  eimuItaDeaua  action  throuj^h  tlio  sitnilar  uerres 

of  tho  two  lade*  wore  prevenled.  At  any  rato;  tlio  rule  of 
H  distribution  of  neivefl  here  teems  to  be^  that  when  in 
^  fluent  and  neoeaaary  movements  any  muade  has  to  act 

with  the  autagoDiMt  of  its  feUow  on  tlio  opposite  side,  it 

and  its  fcUow'a    antagonist  are  supplied  &om  different 

nerres. 


I 


Phyiinhffi/  nf  the  fijth  or  Trigtminal  Ntrvf. 

Tha  aiih  or  trigvmiual  nerva  rMerablciN,  iw  alrmdy 
atatod,  tho  iq>inal  iidrTod,  in  that  its  brandies  are  derived 
through  tvo  roots;  namely,  the  larger  or  seutttivB,  in 
oonDOCtien  with  which  is  the  Oasaorina  ganglion,  and  tho 
Ptnall^r  or  motor  root  which  hae  no  ganglion,  and  which 
piBatuse  undi^  tlm  gunglioti  of  the  MtUHitive  root  to  join  the 
third  branch  or  division  vr\»c\i  issues  from  it.  1'ho  fit«t 
and  second  diviatons  of  the  norve,  which  ariee  wholly  from 
tho  larger  root,  are  purely  sensitivo.  'Flit;  third  diviHOn 
being  joined,  as  before  said,  by  tiie  motor  loot  of  the  uerve, 
i»  of  course  both  motor  and  sensitive. 

Through  the  bninchra  of  tlie  griratir  or  gMagJiOBiO  pOr* 
tloaof  the  tifth  nen-e,  all  the  anterior  and  «Dt«0-Isforal 
part*  of  the  facu  and  head,  witli  the  exception  of  the  ekin 
of  the  parotid  region  (which  dorivu  branelies  from  the 
cervical  aplnai  nerves),  acquire  commoa  sensibility  j  and 
nBtong  thitsu  ptui«  may  be  included  the  organs  of  special 
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muso.  trom  whlcb  common  sensMiODS  are  ixyBcniytA  thKMgti 
tfaa  fiftli  nerve,  rod  th«ir  pticultar  MonBtjoii  tlirougit  &(u 
wranJ  nerm  of  apecial  bbum.  The  miuclM,  aim,  of  the 
iaoe  sod  loiror  jaw  ooquim  miuculur  Hcusiibility  tlumi^ 
the  illAiaiMiM  of  the  guigUoDic  portion  of  the  fiftli  ncm 
duitriliutwl  to  thsm  with  their  proper  motor  nerree. 

Tluwigh  bmnchix  of  tho  IcKwnr  or  n<m-giingli<ini«  por- 
tion of  the  fifth,  the  muwlos  of  mosticatioti,  namely,  the 
tci]i)>orHl,  maaseter,  two  pterygoid,  anterior  p«rt  of  ths 
(ligiiAtric,  iukI  niyl(»-hyoi<l,  dmiro  Uinir  mi^tor  tmrni.  The 
motor  functioii  of  these  branches  is  prorod  b;  the  violent 
coatraclioD'  of  all  the  musclea  of  nuutiution  in  experi- 
nti-ntol  irritation  of  the  tltird,  or  inferior  mturHlaiy,  diriaiM 
of  the  nerve ;  by  paralysis  of  the  aants  moades,  when  it  i> 
divukil  or  dieoT^amwd,  or  fram  any  raaaoo  di-jnivad  ef 
pownr ;  nad  bf  tbo  ratontion  of  tho  pow^r  of  these  ntaade^ 
nlicn  all  thoee  supplied  by  tlie  facial  uvtvo  lose  their  power 
tUrouKh  {lanilysis  of  that  nerve.  The  laM  instance  protes 
lici.t,  tlint  thoiij^  tlie  buccinator  miutde  gives  passage  to, 
and  recoives  soma  filaments  from,  a  buccal  brandt  of  tb« 
iuCarior  diviaion  of  Uio  tillb  nerve,  yet  it  derives  its  motor 
power  from  tlu^  fuciol,  fnr  it  is  piiralyaed  to^ither  with  the 
other  ntiisctos  that  nre  eiipi^ed  by  the  facial,  but  retahu 
its  power  when  the  other  mustlee  of  maAtioadon  btp 
paralyzr^d.  Whetlier,  however,  tbc  branch  of  the  fifth 
nerve  nhich  ia  supplied  to  the  buccinator  muscle  iaenlinlT 
aensitire,  or  iu  purl  motor  ttbio,  must  rtimain  for  tlio  prMcnt 
doubtful.  l-Vom  the  fact  that  this  muscJe,  besidos  ita  other 
functions,  acta  in  couoert  or  harmony  with  the  muades  of 
mit»tic'ittinn,  iu  keeping  the  food  bi^worn  tlm  lorlh,  it  miglit 
be  supposed  from  analogy,  that  it  would  liave  a  motor 
branch  from  tlie  same  nervo  tlwt  supplies  them.  Iliara 
can  be  no  doubt,  however,  that  the  so-c-otled  buccal  branch 
ot  the  tillli,  is,  in  the  mutu,  sensitive ;  although  it  is  not 
quite  ocrtain  that  it  may  not  gin  a  few  motor  filaments  to 
the  boccinaitar  muscle. 
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^Oiib  tMUStiro  fiiDRtion  of  tho  branches  of  tli«  ^raaler 
divirioa  of  the  fifth  n^rre  is  proved  by  all  tlm  uauul  M-i- 
^taioea,  auA  as  thoir  <U»tril>ntioR  in  pnrt«  tlmt  arc  iwDsitiv« 
itnd  not  cnpnblo  of  muscular  contraction,  thft  exoeediog 
Miuibility  of  eome  of  tJioHo  jmrjv,  tlinlr  Iom  of  KiiKiition 
when  thfl  dotto  ia  paraly»Ml  or  tliviij«l,  tlio  pain  without 
ooaruUioiia  jiroduceJ  by  morbid  or  pxjK'rimnntnl  irritatioa 
of  dm  trunk  or  bnincltos  of  the  ni>rvi>.  and  the  onalo^-T'  of 
this  portion  of  the  fifth  to  th«  pontviiur  rout  of  tho  apiuul 

MTVOl 

Dat  ftlthongh  formed  of  e^naitire  fUamenta  «xclusirelj, 
the  brandiiw  of  tint  gnmter  or  ganglionic  portiou  of  thtf 
fifth  IMTTO  oxordse  a  manifold  intluenco  on  tho  moromcntfl 
of  the  ransclea  of  the  head  iu:id  fuoe,  and  other  parl»  in 
vhich  ihoj  nru  divtributod.  Thoy  do  no,  in  thu  fint  pluce, 
by  pniridit)^  tIiL>  mu«:loc  thcmwJron  with  that  MUAibUit; 
without  irhich  Ibo  mind, beiug^uacoiucionsoftluir position 
and  state,  oeimot  Toluntartlj-  ^xerdse  th«ra.  It  it,  pro- 
bably, for  confirniig  this  xensibtliiy  on  tho  mimclM,  that 
tho  branches  of  tho  liflU  nerve  comtuuntcate  ao  Iroijuently 
with  tlnwo  of  tli«  fkciuJ  and  hyprigloMid,  and  tho  nerves  of 
the  muscW  of  tho  tjB  -,  and  it  i«  bwauso  of  tho  loss  of  this 
•nutibilitr  timt  xthea  the  Mb  ner\-e  is  dividi.-d,  animals  are 
always  slow  and  ctnkn-ord  in  tho  niovcmftct  of  tho  muwdiM 
qf.ths  flat  and  head,  or  hold  them  atill,  or  guide  their 
hilMaMBl*  by  tbo  sight  of  tlic  objoou  towaids  which  they 
wish  to  move. 

Agniii,  ttui  fiflfa  non-c  haii  an  indirnct  influence  on  the 
muscular  movements,  by  conveying  sensations  of  tho  state 
KoA  ]i(Hiition  of  thu  skin  luid  otliirr  porta ;  whii-h  the  mind 
perceiving,  is  enabled  to  determine  appropriate  acts.  Tlius, 
when  the  fifth  nerre  or  its  in&a-orbitul  brunch  is  divided, 
the  moTomonts  of  tlio  lijm  in  ftH-iling  luiiy  cciiko,  or  bo  !m> 
perfect ;  a  bet  which  led  Sir  ChArlcs  Bell  into  one  of  tho 
Tsry  few  irTTorH  <if  his  pbysiolo^  of  tlie  iitivee.  He  sap- 
poeed  that  the  motion  of  tlio  up^ior  lip,  in  {gasping  food. 
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tioponded  dinetly  on  tbe  infra-or1>ilttl  aervo ;  for  he  feuAJ 
that,  ftflor  he  had  divided  that  a&rvo  on  tjoth  sidM  ia  u 
uBa,  it  fio  loDgw  seized  die  food  with  iU  lips,  but  mttetj 
prcssod  tbem  agsinat  tho  ground,  oimI  ujmhI  the  tonguo  ta 
tiia  prebeouioa  of  the  food.  Mr.  Ma^  corrected  tbisenor. 
Ha  found,  indeed,  that  after  the  infra-orhitol  uem  hail 
been  diridod,  the  ammnt  did  oot  mam  iU  food  irith  Ui«  Up^ 
aod  could  Dot  use  it  well  during  maatkatioo,  but  that  it 
could  oiwD  the  Upt.  He,  tliereibro,  justlj  attributud  the 
ptienoTncmn  in  Sir  C.  Bejl's  experiments  to  the  Iocs  of 
feeoeation  in  the  lips ;  the  animal  not  bong  able  to  f«el  Uu 
food,  and,  tlM^^!^or(^,  ulthougli  it  had  the  power  to  Mizo  it, 
uot  knowing  bow  or  where  to  use  that  power. 

Ltutllj,  the  lltlii  nerve  luis  au  intimate  cocnisttlou  with 
muscular  movements  through  the  many  redex  sots  of 
muscles  of  wMcb  it  is  the  necessary  excitant.  Uence^  v^m 
it  ie  diridod,  and  cuu  no  longvr  convey  Impranions  to  Ihit 
DerrouB  centres  U>  be  thtinco  roflecled,  the  irritatioo  of  llis 
cmijuiKliva  produces  no  closure  of  the  eye,  Qie  uechanktl 
irritiitioii  of  the  novo  rJUTiIca  no  sBetxing,  that  of  tba  toogW 
no  flowing  of  saliva  ;  and  although  teare  and  aalira  mMjf 
flow  iiaturuUy,  their  tifllux  is  not  lucreuMd  by  th*  in^ 
chanical  or  chemical  or  other  stimuli,  to  the  indirect  or 
reflected  influence  of  which  it  is  liable  in  the  pvrfcct  state 
of  this  nerve. 

The  &Uh  aerre,  through  its  ciliary  braochea  and  the 
branch  wliich  funn.i  thu  long  ront  of  th<T  c-iliury  or  ophlhol- 
mic  ganglion,  exercises  also  some  iufluence  ob  the  nion- 
meiihi  of  the  iris.  Wlien  tlie  trunk  of  tho  ophthidnuii 
portion  is  diridod,  the  piipi)  bwomf-s,  acoording  to  Valeatin, 
contracted  in  men  and  rabbits,  and  dilated  in  oats  and 
dogs ;  but  in  all  taem,  IieooiucB  imiuovuble,  even  under  all 
the  Tnrioties  of  tite  stimulus  of  light.  How  the  fifth  nerve 
thus  ajTeals  the  iris  is  unexplained ;  the  same  efleols  aie 
|jroduoral  by  diMtrui^tion  of  tlifl  su^ierior  oerriool  gungUen 
of  the  a,>-iupathetic,  so  that,  possibly,  thoy  ore  due  to  the 
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'  of  tlioM  filiimoBtB  of  tho  errapothotic  which,  after 
joining  ibv  trunk  of  the  fifth,  at  aud  beyond  tbo  GasBeriaa 
ganglion,  fnooeed  with  thu  hnincluKi  of  iu  ophtlialmio  dtvi- 
BMO  to  tho  iris ;  or,  m  Dt.  K.  II&ll  ingomoiulj'  saggMtB, 
tho  influeDce  of  the  fiflh  nervo  on  the  movemeuto  of  Ihft 
iris  ma^  he  uscTibcxl  to  tho  iilT^c^ion  of  viston  in  oaowqiMDW 
of  tho  disturbed  ciiwihttioD  or  nutritioD  in  tho  retina,  when 
tiw  novmal  inHuente  of  tlio  GfUi  nvrva  uud  ciliurj'  gmigllon 
ia  diaturlivd.  In  suuh  disturbance,  incrvniiMl  rirt^ulution 
making'  the  r^iua  moro  irritable  might  induce  oxtromo 
coauai-tioii  of  tlio  trij<;  or,  under  inodvralo  titiiuulus  of 
tight,  produriog  partial  blindness,  might  indaoo  dilotoUoit : 
but  it  does  not  appear  why,  if  this  be  Uie  true  ea^tanation, 
the  ilia  tihotild  iu  cither  ciuie  be  immovable  and  uaafiStotod 
hy  tho  various  degrees  of  light 

Furthermore,  the  morbid  effecta  wliieh  divtaioa  of  tho 
fifth  nun-i)  produces  in  tho  orgiuix  of  spotiid  evniiO,  mitko 
H  probable  that,  in  the  normal  state,  the  tilth  nerve  exer- 
oieea  some  indireut  iaSu«ni.-u  ou  all  tlicite  organs  or  their 
taatdaa*.  Tihxw,  after  such  division,  vithin  a  period 
Tujrisg  fiom  twentj-fbur  hours  to  a,  week,  the  cornea 
begins  to  be  opaqiii! ;  th«n  it  grows  mmplotelj  whito ;  a 
low  dostructivo  iuflammotory  process  ensues  in  the  con- 
juMttTa,  sclerotica,  and  iut«rior  parts  of  the  ej-e;  and 
within  Olio  or  n  few  wotvks,  tlio  whole  ejo  mnj  b-^  quite 
dtsoiganlicd,  and  the  cornea  may  tjougb  or  be  pene- 
trated hy  a  largo  idctir.  Tlie  snnM  of  nnell  (and  not 
meml)'  that  of  mechanical  irritation  of  the  uoeo),  may  bo 
at  iho  same  time  lost,  or  gruvvly  tuijuitred ;  so  may  the 
hsaring,  and  commonly,  uhcnovrrthe  tif^h  iinr^-e  is  para* 
lyzod,  the  tongue  loses  the  sense  of  taste  in  its  anterior  asd 
lateral  part«,  i.t.,  iu  the  portion  iu  wliich  tho  lingual  or 
gustatory  branch  of  the  inferior  maxillary  division  of  tho 
fifth  LB  distributed.* 

*  That  ciHnpku  fMrktfiU*  of  tha  fifth  ncm  nu;,  however,  ha  unsc* 
eonipaiuod,  si  leaM,  tor  ■  cuiuiidvmble  iwiiod,  bf  ti\jaiy  to  iha  aiffou 
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The  low  of  the  sense  of  trnto  is  no  dmibt  cliif^j  duo  ta 
tho  Uitgaal  bnncit  of  the  fifth  nerrfl  bein^  a  nerve  of 
q)«cia]  «nDm ;  [wrtly,  ulno,  perliajM,  it  i»  duo  to  th«  &cf 
that  this  branch  suppliM,  in  t}i«  author  and  lateral 
ptirt«  of  th<^  loni^v,  a  neoeaanry  coioditioa  for  the  [iKvpfT 
nutrition  of  that  pait.  But,  doforring  tbia  qneation  unlit 
the  glo«o>i)hai7D£eal  nerve  is  to  be  oooaidered,  it  may  be 
ohwerved  tliat  in  winne  brief  tlow  afW  dompldn  paralj^in 
or  dtTision  of  the  fifth  nerve,  the  power  of  all  the  oTf>ai>s 
of  t)i<'  KpiKial  acnsee  may  be  loat;  Ihef  may  Iimc  nut 
meivly  their  eonnbillty  to  comnion  impreanons,  for  which 
they  all  depeDi)  directly  oa  the  fifth  nerve,  but  aim  their 
aennibilily  to  the  Mveral  poculinr  impiMMions  for  the 
reoeption  and  conduction  of  which  they  are  puipoaety 
conatructed  and  supplied  witli  epecia!  nerrea  besidea  tha 
Gftli.  'file  facts  obscrvwl  in  tliraio  <■*»•*•  rim,  perhaps,  Iin 
ouly  explained  by  the  influence  which  the  fifth  nerve 
vxorcasrs  an  the  nutritivo  promtssios  in  the  organs  of  the 
special  senses.  It  is  not  unreasonable  to  believe,  that,  iu 
porulyiiui  nf  thi>  fifth  ncrvi?,  th«ir  tiiuiiii'M  may  bo  liu>  MMt* 
of  such  changes  as  are  soen  in  the  Itudty,  the  Tascolnr 
ooogestion,  cedema,  and  other  offectiona  of  the  siuD  of  the 
&ce  and  otlier  tt^gumentary  partji  which  altio  aiM-mnpuny 
the  paralysis ;  and  that  these  changes,  which  may  appear 
uniropormnt  when  llioy  aiTcet  e:ciema]  parte,  ant  su 
eaent  to  ilpxtroy  that  refinement  of  structure  by  wl 
the  organs  of  the  special  senses  are  adapted  to  their 
fhnctioiiA. 

Acconling  to  Magendie  and  Longet,  dcttruction  of  the 
eye  ensues  more  quickly  af^r  division  of  the  trunk  of 
Uut  fifth  boyood    the    Gasserian  ganglion,  or  after  divi- 

of  *PitU1  Minacv  witli  llio  exception  ortlint  [Hirliuu  at  tike  tsngae  vhidl 
ii  *ii]>|>1i>'<[  by  ltd  gnttstor?  brunch,  is  uctl  jlliutrittvd  by  a  vslulli 
etae  lali^ly  tccon]ii<l  bf  Dr.  AUkwuk 

*  Tno  of  ihn  liTHt  vM^m  mn  publislinl.  with  anajyuesor  n(h«ra,  \)J 
llr,  DixoQ,  In  Uw  M«lifD-Cliirargic3l  Ttanawtioaa,  voL  xsvni. 
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idon  of  the  ophthalmic  branch,  than  afVr  dirisioa  of  tb« 
roots  of  the  fifUi  hetwecn  tlio  hruin  nnd  tho  ganglion. 
llento  it  wmiM  appear  as  if  the  iuiluenoe  on  nutrition 
WOTO  oonvpywi  through  the  filatnont^  of  the  hj  inputholi*-, 
whSohjoiu  the  braoohu  of  thu  ftflh  nnvv  at  nod  boyoud 
the  OawKriait  gsngtion,  rathor  than  through  tlie  iilunu^tila 
of  the  GAh  itself;  and  thia  is  oonfirnidd  hy  -xptmrnenta 
in  vltiob  extirpation  of  tho  nupnriiir  ovrricAl  ganglion  of 
the  (iirtnpatbfltic  produced  tli«  eanio  deslrui-tivit  di-ieoae 
of  ihn  ty<t  tliat  cominonl)'  follows  th«  diviKioD  of  the  fifth 
iturvo. 

And  jet,  that  the  fHamenta  of  the  fifth  ntrvo,  as  iroU  as 
Ihom  of  the  iiTinpathntic,  mnj  conduct  *ach  iolluonco,  ap- 
pears certain  from  the  casp^  including  that  by  )lr.  Stanley, 
in  wliicJi  tho  HourMi  of  tho  poruljmia  of  the  fidli  u<trr«  was 
iMor  the  hrain,  or  »t  its  veiy  origin,  bvforo  it  r<x'oiv>?s  any 
fODimunicatioii  frora  the  ftj-m pathetic  nerve.  The  esist«noe 
of  ganglia  of  the  srtnpathelic  in  conneution  willi  all  tho 
Itrincipal  divisions  of  the  fifth  nerve  where  it  gives  off 
those  branclvMi  which  supply  the  organs  of  special  Bsnae 
— for  example,  the  connection  of  the  ophthidmic  ganglion 
witJi  Uhi  opbtlialinic  nerve  at  the  origin  of  the  ciliary 
nerves  ;  of  tho  xpheno-pulattnu  ganglion  with  the  -luiHtrior 
maxillary  division,  where  it  gives  its  bmnches  to  tlie  nose 
nnd  tlie  palate;  of  the  otic  ganglion  with  the  inferior 
maxillary  near  the  giving  nIT  of  liluments  to  tho  internal 
«ar;  and  of  tlio  sub- masillai^' ganglion  with  the  lingual 
branch  of  tho  fifth — all  these  couneirlioiis  auggest  that  a 
jieculiar  and  probably  conjoint  iuSuenco  of  tho  sympa- 
Ihvtin  and  fifth  uorvus  is  exercised  In  the  nutrition  of  the 
orgtns  of  tho  special  senses ;  and  the  reniillK  of  experi- 
niAnt  and  disease  confirm  this,  by  showing  that  tho  nuln- 
iKHi  of  the  organs  may  be  impaired  in  consequence  of  im- 
pairment of  the  power  of  oithor  of  tho  nitrres. 

A  possible  connection  between  tho  fifth  nerve  and  the 
tenso  of  sight,  is  shown  in  casoa  of  no  uufruquunt  occur- 
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Ttnce,  in  wliich  blavs  or  other  injarioa  implicating  tb« 
fronUl  Dorro  u  it  puaaaa  orer  Ut«  brov,  ore  followed  V; 
tot«l  bUndiMM  in  th«  eomapanclii^  «j«.  Tlio  iilindiMM 
■ppcun  to  Iw  tbe  ootuequeiwe  of  detbotiTa  nutrition  oT  &e 
ntiDa ;  r»r  nlthougb,  in  wnnc  mmw,  it  luu  ensued  imnie- 
diately,  as  if  from  eoDmsatoD  of  tlio  miitui,  ir«it  in  smie 
it  Itaa  come  on  (^dually  like  alowl,?  profi^'^saiTe  amaa- 
Ttntif,  uiA  in  iTDTna  U'itli  iutlmninataty  diworganJaatiiMt, 
followed  by  atrophy  of  the  vliolo  oyo,* 


PhytwUtgy  of  the  Facial  Ktn4, 

Tha  fuial,  or  portio  dura  of  tlifl  nOTCiith  pair  of  nmvm, 
is  th«  motor  nervo  of  oU  the  muscles  of  the  lace,  including 
the  platyBQta,  bot  not  iacludtnj^  any  of  the  muBcle*  of  nu»- 
tication  alrvodj  muniorotfKl  (p.  544);  it  supplice,  also, 
the  parotid  iflaud,  and  through  the  connoctiou  of  ita  trunk 
with  thi)  Vidian  nervu,  by  the  pctronl  nurT««,  some  of  Ike 
muscles  of  the  eoft  palate,  most  probably  the  levator  palaii 
and  a^B^oa  urulie ;  hy  ita  tympanic  lironchv*  it  Rupplic* 
th<i  alapodiuM  and  luxalor  tympuni,  and,  through  the  otic 
ganglion,  the  tcoaor  tjiupani ;  through  the  chorda  tifmpam 
it  aeuda  bruuolies  to  tliv  HubmoxiUaiy  {[land  and  to  tka 
lingualia  and  some  other  muscular  fibres  of  the  loo^e; 
and  by  branchea  ipren  olT  befure  It  coniua  upon  the  faoo,  it 
siippUcH  the  miiifclua  of  the  external  vnr,  the  posterior  part 
of  the  digaetritUB,  and  tlie  etylo-hjoideus. 

To  Iho  greater  numlwr  of  the  muscles  to  trhioh  it  ia  dis- 
tributed it  is  the  sole  motor  nerro.  No  pain  is  pniducad  by 
iirilatiiig  it  uunr  its  origin  (Vnk'Qtiii),  and  the  indicationa 
of  pain  whicli  ore  elicited  when  any  of  ila  braachoa  B19 
irritated,  luay  be  explained  by  the  abundant  oommuoica- 
tiona  which,  in  all  parte  of  its  eaurse,  it  forma  with  Mcui- 


*  Sack  ■  cue  ii  recorded  liy  SualiUio  in  Ike  NedohuiUck  LmmcI, 
Angujit,  1S46. 
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tire  DcrriM,  irhom  filuRonta  hmag  mingloci  vith  it«  own 
w»  tliie  true  Bomoe  of  Oie  pain. 

Baddes  iU  ni«lor  iitfiimnco,  tha  Siciol  i»  a\aa,  hj  idmii* 
of  tlia  fibm  which  are  aappUod  to  the  Bubmaxillar^ 
parotid  gUnds,  a  so-called  tterttory  oerva  (p.  475). 
ihrough  Ibo  litsUnniBod  bnuiclieii  iiDproMionit  miijr 
COBTejred  which  «xcite  incroiimd  eocretion  of  enliva. 
For  exaoiple,  if,  in  n  dof^,  the  aubinaxillaTy  gluud  )>o 
axpowd,  and  tho  chorda  tymptmi  bo  divided,  it  will 
be  Men  that  on  ftiimuluting  tJie  diftlji)  cud  of  th« 
BMte  bj  a  wcaIe  «livtric  curntnt,  tho  g^hrad  bcoonwa  «»- 
etedinglj  Taeeulnr,  and  ealiva  is  secreted  in  ki%«l7  ia- 
ccMwed  amount.  Under  ordinary  circunuAanoes  of  in- 
cnmed  aecretion  of  aalira  by  the  submaxiUaty  f;:land,  asi 
bom  the  preMOco  of  fund  in  t)i<;  mouth,  the  Btimuliifi 
i«  coDToj-ed  by  the  samo  channel,  the  chorda  tympani 
being  the  eferent  nerve  In  a  r«flex  aollon,  in  vh)o!i  t}i<i 
affrrent  fitirca  arc  bnuicJuw  of  tho  fifth  aiid  gbiWO-phar)-n- 
goal  nervos. 

^Vlwu  the  fiioiul  nenro  is  divided,  or  in  any  oilier  way 
pamlyxed,  the  Iom  of  povrer  in  the  muscles  wliich  it  eup- 
p]i«e,  nhile  proring  the  nature  and  extent  of  ita  fuQCtiomi, 
<iia|ilayM  «I«»  the  necwsity  of  it«  perfection  for  tho  i)orfc«t 
sxercise  of  all  the  orj^ns  of  the  apeciat  sensea.  Thus,  in 
paralyHtH  of  tho  furinl  nerve,  the  nrbi<^u!arU  piJjiebruruni 
being  powerlesa,  the  eye  remaina  open  through  the  un- 
lulanoed  action  of  tlio  Icnilor  palpehra' ;  and  the  conjuno- 
tivo,  thus  coDtinualiy  exposed  to  tlie  air  and  thn  contact  of 
du«t,  is  liable  to  re[>eKt«d  inflammation,  which  may  end  in 
lhicl:cning  and  opacity  of  both  ita  own  tissue  and  that  of 
oomea.  These  cfaan^^ee,  however.  en»u«  much  mora 
dbwly  than  ihoM  which  folhm-  pnridysia  of  the  fifth  nerve, 
and  norer  bear  the  same  tleelructivo  character.  In  paraly- 
ais  of  the  fai-ial  iion-u,  also,  teara  are  apt  to  How  constantly 
OTBT  the  fiice.  apparently  Ijocaiifo  of  the  paralysis  of  the 
tensor  tarsi  muscle,  and  the  loas  of  the  proper  direction 
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tind  fonn  of  tlw  oriHoM  of  th«  pitocta  ladujrmalia.  Tna 
these  circiunsUiiicce,  the  secso  of  sight  is  impaiied. 

Tb«  Mxiw  of  hearing,  (duo,  u  impaiicid  in  tnunj  cam 
of  parftlfus  of  tho  fnditl  Darve ;  not  only  in  sach  u  ue 
iiulanM«  of  Blmultaneous  dlsoaae  iu  tfaft  Kuditonr  ii«tth, 
but  in  BUcU  08  may  be  «xphiin«d  by  the  Io«a  of  power  ia 
the  muscto  of  th«  iatemal  <>&r.  The  sense  of  smeU  it 
commoBly  at  tlio  nine  ttniD  inipuinsl  thrtHi^h  tho  ioalMlil^ 
to  drnw  air  hrishly  towaidB  tha  upper  [lart  of  tha  nual 
^aTilies,  in  vhich  part  alono  tho  oUoctoiy  nmro  is  diitri- 
Imtod ;  beoauae,  to  draw  the  air  perfecUy  iu  tJiia  diredioii, 
the  action  of  tho  diUtoTO  and  comprossors  of  tho  oottrilt 
should  be  perfect. 

Lastly,  the  ncnsQ  of  taoto  in  iispoirod,  or  may  be  wholly 
lost,  in  pnrftlysis  of  the  fnciui  n«mi,  proridwl  tlio  souroe 
of  the  paralysis  be  in  some  part  of  the  oeiTe  between  its 
ori^n  and  the  giving  (iff  of  the  chorda  ^mpani.  Tliia 
result,  which  has  been  observed  in  many  instODOea  of 
disocuK!  of  tlie  fndul  nerve  in  man,  appears  explicable  ooly 
by  the  influcni^o  which,  through  this  rhttrtln  tymjioiu,  it 
«seTC'iB«s  on  the  niovemeats  of  the  lingualis  and  the 
ndjitcnit  muBi^ular  fibres  of  the  tongue ;  and,  BrCoonlin^  to 
game,  or  probably  in  eome  aiiimals,  on  tho  moromonts  of 
tlie  stylo -gloasua.  We  may  therefore  suppose  that  the 
accurate  movement  of  thcMA  muscle!)  lU  the  tonguo  is  in 
Eome  way  connected  with  the  proper  nxeroiso  of  taste. 

Together  with  these  effeLts  of  paralysis  of  the  Ihciol 
nerve,  tho  muscles  of  the  fai«  bciug  all  jioworhnf,  the 
cotuitenance  acquires  on  the  paralyzed  aide  a  characteristic, 
Tscnnt  look,  from  the  absence  of  all  exptession :  th«  ang^ 
of  tho  mouth  is  loner,  and  tlio  puralyxi.'d  half  of  the  mouth 
looks  longer  than  that  on  the  other  side ;  the  eye  has  an 
uuineaning  stare.  All  th«se  pebuliarities  iucroajw,  the 
longer  the  paralysis  liuts ;  and  tlioir  oppcanace  is  exag- 
gerated when  at  any  time  the  muscles  of  the  opposite  side 
of  tho  face  are  mode  active  in  any  cxx""'*^^'''  "^  *"  ^^T  ''f 
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Fordinftty  functions.  In  an  attempt  to  blow  or  vKUrtl*!, 
one  ude  of  the  mouth  and  dieek  acts  proiwrly,  but  th« 
other  aido  it  motionlow,  or  flapi  looaoly  at  thu  impulse  of 
the  expired  air;  so  is  trying  to  suck,  on«  side  onljr  of  the 
mouth  nc-ts ;  in  feeding,  the  lips  sod  «hcek  s»  ponetiMS, 
and  ibod  lo«Ig<!«  bctvoen  the  duwk  and  giim. 

As  a  norm  of  espreesion,  the  eerenth  Deire  must  not 
be  O0nsid«rod  indeiMmliNit  of  the  liflh  nerve,  witli  wliidi  It 
forms  M  many  communicntioDD ;  for,  although  it  is  through 
ihe  Cncial  nerve  alone  that  all  the  muscles  of  the  fac«  ate 
put  iulo  their  uulurulij-  (•xpresHive  ai-tiout,  yet  the  power 
which  Ihft  mind  has  of  supprrssing  or  controlling  all  theso 
ei^ressions  can  only  he  esercised  by  voluntary  and  well- 
eduoated  actions  ilinctnd  throu|;h  tht>  fuciul  nnrrc  vrith  tlio 
gttidaikoe  of  the  knowledge  of  the  stale  and  position  of 
etsiy  munele,  and  tUIs  knowledge  is  acquired  only  through 
the  fifth  nerve,  vrli'ivh  confers  sntiHibility  <iii  tlio  mu»clc«, 
and  ap[H!«ini,  for  thin  purpiise,  to  he  more  aliiuidantly  Hup< 
plied  to  the  muscles  of  the  face  thaa  any  other  sonsitin 
nurre  is  to  thunci  of  other  |i(trta.  , 

Pkytitthg]/  of  the  GloMo-Phan/ngtal  Kerr*. 

The  glosso-phoryngefll  nerves  { 16,  fig.  1 5 1 ),  in  the  onum»- 
rntiou  of  the  i-ert-'hral  uerves  by  uuuibers  uuuardiug  to  tbe 
poflinoD  in  which  they  leare  the  cranium,  ore  coniidorvil  a* 
dirisioDN  of  the  eighth  pair  of  nemt,  in  which  term  are  in- 
cluded vilh  them  the  pneumogastric  nud  lUKiiioury  ui-rvvii. 
Uut  tlio  uiiiiin  uf  thu  ncn-M  under  one  term  ifi  inconvenient, 
although  in  some  purls  the  gLQ»»o-phiityii);uul  and  piiuumo- 
gastric  are  no  t'ouibined  in  their  distribution  tliut  it  is 
impossible  to  eepiiruto  tlium  in  either  anatomy  or  phy- 
siHtojty. 

The  iflnsw-pluuyngnal  nerve  appeajs-to  give  filamenLt 
through  its  tympanic  branch  (Jiu^olMon's  nerve),  to  tbe 
fenestra  ovalia,  and  fenestra  rotunda,  and  the  Eustachian 
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tube ;  abo,  to  the  carotid  plestiu,  and,  througb  the  petrosal 
nerra,  to  the  ^[tkeno-paltttiiiu  guuglion.  Alter  (XiiuroaiU' 
cstjn^,  ojlhor  vitliia  or  witlnmt  tho  rrnniuin,  vilb  tlie 
|iDeuino|?aa(rIc,  and  booq  after  it  leavea  the  cnuuum,  with 
Uia  Nfm[iKth«tic,  digimtrio  lirancli  of  tho  fnc^inl,  luid  Hm 
accweoty  oerve,  ihe  glosso-phai7Dg«al  nerv«  parte  ioto  (he 
two  priiicipnl  divixiuiia  iudictitcd  hy  ita  nanie,  and  su[i|iUbi 
tho  niuiM>u«  mcmbrftike  of  tho  po«torior  and  Intrral  imllt  of 
the  upper  jiart  of  the  pfaorjux,  the  Eustachian  tube.  Hie 
orchos  of  tlio  pnloto,  the  tonnla  and  thnir  muomu  pud- 
bnme,  and  the  tongue  as  tar  forirards  aa  the  foranMB 
caoum  in  the  middle  liiut,  aud  to  iRiir  tlie  tip  at  tlie  side* 
imd  inferior  part. 

Some  cspiiri mcutd  make  it  prohahle  that  the  glouo- 
phiiT3'n^'oid  Dorvo  contains,  crtin  at  ita  ori^it,  (onui  mote 
librr:«.  togctiier  with  thos9  of  common  seueatioD  and  tha 
seuHo  of  liuito.  \N'hateTar  motor  influenoe,  howeTeT,  b 
i-onTnyinl  dinvtltr  through  Uio  bmndiw  of  the  gluaso- 
pharyngeal,  may  be  ascribed  to  (lie  &Lamenta  of  thfl  pDCU* 
mi^ustriu  or  iti^u'tmury  tiuit  are  mingled  with  iL 

Tho  cxpvrimv:it«  of  Dr.  John  Itvid,  confirming  thoM  of 
VanboM  and  Louget,  tend  to  the  same  CMMilaaions:  and 
iliuir  rMidta  proliubly  expron  ncnrl^  all  the  truth  regard* 
iag  the  part  of  the  gloaso-pbaryngeal  neare  which  it 
diatnhuted  to  the  pharynx.  These  reanlta  nere  that,>— 
I.  Fain  was  proiluted  vh<<a  the  n«cvR,  particularly  iU 
pharyngeal  branch,  was  irritated.  2.  Irritation  of  the 
iierre  bnfore  the  origin  of  ilit  pharyngeal,  or  of  onj  of 
these  brancbefl,  gave  rise  to  ext«Dstro  muscular  niotiotiB  of 
tho  tlinuit  and  lower  jxirt  of  the  face  :  but  when  tlie  bcttb 
was  dividoi],  tbe«o  motions  wore  excited  hy  irritating  the 
iipijer  or  cranial  jiortion,  while  irritation  of  the  lower  end, 
or  thiit  in  coiuictliou  witli  thn  miiaules,  waa  fbllowed  by 
no  movement ;  so  that  these  motions  mu«t  have  depended 
on  a  rL-Qox  Influeuou  lruusuiitt«d  to  the  mneclos  tlirough 
othvr  sen'ca  by  the  intcrvontion  of  tlio  norrous  centre*. 
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WImd  tbe  fltnctloiu  of  the  brain  snd  mcdolU  oblongata 
vrere  arriwlvd  by  poisoning  tiio  luiimid  witli  prujwic  ncid, 
itriUlinn  of  the  gloMO-phaiyn^oal  nerve,  befurd  it  was 
Joined  bj'  any  brandies  of  the  |nieumogustric,  gttT«  rira  to 
no  moYfinveula  of  tko  muvoIvH  of  tliu  pbajynx  or  otlwr  parta 
to  whicli  it  van  distributvd;  while,  oa  irritating  the 
pliaryngeal  branch  of  tko  pneuuiogiutric,  or  tho  gloMO- 
phoryvgonl  nnrri,-,  nft«r  it  lud  rncoivcxi  the  com  muni  eating 
teandiee  just  alluded  to,  vigorous  movemeuts  uf  all  tito 
phuiyngeal  muncltsi  and  of  the  upfwr  piui  of  tlio  ouxupbagiiti 
fiUlowed. 

Th«  most  probable  concluaioa,  tlierefi>ie,  may  be  tliat 
vluit  motor  iii£lu<;iicn  tho  gloMO-pharjugciil  nerve  may 
seem  to  exercise,  is  doe  eiih«r  to  the  filamcuU  of  tlia 
pncumogastric  or  aoeeanry  that  ar»  minglitd  with  it,  or  to 
impretaiona  convoyed  through  it  to  tho  medulla  oblongata, 
and  th«nce  r«flevt«d  to  musclc-a  through  motor  nervet, 
ocpocinlly  thu  pncumognstrie,  acccMory,  and  facial.  Thtia, 
the  g]oaso-pliaT\'Dgeal  nerve  esciies,  through  the  medium 
of  tfad  racdullu  oblougutu,  tho  actious  of  tho  niusclua  of 
de^utitioo.  It  is  the  obief  ceutripetal  nerro  engaged  in 
dicao  nictioo* ;  yet  not  tho  only  one,  for,  a»  Dr.  John  Iteid 
has  shown,  the  acts  are  (H.-uR}ely  disturbed  or  retarded 
when  both  the  gloMo-pliaryiiguiJ  n^rvm  aro  divided. 

But  boaides  being  thus  a  uerve  of  common  nciivttlon  in 
Ibe  parts  which  it  oupplies,  and  a  ceuiripetul  nerve  ibroutjh 
which  impmwiinis  are  wnvcyed  to  h«  ri^flectcd  lo  thti 
adjacent  muscles,  the  glosso-pharyngcal  is  also  a  aem 
at  special  seimation ;  being  the  guBtatory  nerve,  or  ncmre  of 
taste,  in  nil  tlio  ]inrts  of  the  tonguo  to  wbidi  it  is  dlatri- 
bnted.  Atux  many  discussions,  the  question,  which  is 
the  Dorvo  of  tmito?— tlie  liiigiiul  brunch  of  tliu  tifth,  ur  tho 
g^OBso-pluiryngeal  ? — may  be  most  probably  answered  by 
stating  that  they  are  both  iion-us  of  this  special  tUnottou. 
For  very  numerous  ex  peri  men  is  iiud  ciuw-s  have  nliown  that 
when  the  trunk  of  the  Mb  nerve  or  its  Ungual  branch  is 
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panlj-MMl  or  Airided,  Hue  sense  of  taate  is  completely  lo«t  ■ 
tho  luperior  surface  of  tho  luttarior  uul  lateral  [nrta  of  tlie 
(ODgue.  Tti<»  1(M8  ia  tDBUmtaneous  after  dinsioa  of  tha 
nenrv;  aiul,  thorvforo.  cnnnot  be  Mcribod  to  tlie  deftctin 
nutritioD  of  the  part,  ihougk  to  this,  pethapa,  n»7 
uderibiMl  tliu  more  ii»ap\i-Ui  uud  {^«rid  loaf  of  tlid  seflMl 
taato  when  tiie  whole  of  the  IUUl  nerre  has  boon  i>ua- 
Ij-sed. 

But,  on  tho  othor  band,  while  tho  loss  of  taato  is  the 
part  of  ihe  tongue  to  ^hieh  the  linfntol  branch  of  tbo  fiflh 
nerve  in  di«tnl>ut«d  proron  that  to  be  a  {^atatoty  aatre, 
ttie  fact  that  the  sense  of  taste  is  at  the  same  time  letiuiiod 
in  the  iioHtt-Ttor  and  potttoro-lateral  purtit  of  the  teagve, 
and  in  tho  soft  pnlate  and  its  anterior  arch,  to  which  (and 
[o  some  parts  of  wlilch  ^xclusivoly)  tho  glono- pharyngeal 
i»  distributed,  proree  that  this  also  must  bo  a  guntatotr 
nerve.  In  a  female  patient  at  St.  Bartholomew's  Hospital, 
tlie  [ell  liiignrd  branch  of  tbo  fiftli  Dorro  vaa  divided  ID 
removing  a  portion  of  the  lower  jaw :  she  tost  both  commoo 
sensation  and  the  sensation  of  tosto  in  tho  tip  and  the 
antenor  parts  of  the  left  half  of  the  tongue,  but  retained 
lioth  in  all  the  rest  of  tho  tongue.  M.  Liofrauo  and  othflts 
have  noted  similar  cases;  and  the  phonomena  in  them 
at<o  so  simple  and  dear,  that  there  can  Bcarcely  be  any 
fnllacy  in  the  conclusion  that  tlie  lingual  brandiea  of  botil 
the  fifth  and  the  gloaso- pharyngeal  nervee  are  gn«tatoiy 
■lerve.i  in  the  ports  of  tlie  tongue  which  they  severally 
supply. 

Tliia  contlusion  is  confirmed  by  some  experimonta  on 
nntmals,  and,  porhnps,  more  SBtisfnctoriiy  aa  cOlu^c^UI  Uie 
eeOM  of  tasla  in  man,  by  observation  of  the  parts  of  tho 
tongue  and  fauces,  in  which  tlie  sense  is  most  acuta.  Ao- 
eording  to  Valentin's  experiments  made  on  thirty  students, 
the  porta  of  tho  tuiigue  from  whidi  the  cle«Test  eensatiou 
of  taste  nrn  dcrirod,  are  the  base,  as  for  as  tho  foruun 
ciDCum  and  Uuea  diverging  forwards  on  each  side  from  it; 
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portorior  poIatiiKt  nri-hf«  doini  to  the  epiglottis;  tb« 
[toiuih  and  upper  part  of  iho  pliati-ax  over  tiie  root  uf  tli(> 
Llongiio.     Tliivw  ar«  the  m-uIa  of  tiw  cli«tributioQ  of  the 
^]asgo-phnr7ng<fn]  Dt?rv«.     The  snlerior  dorsal  surfoM,  anil 
''b  porlioii  of  the  luitcrior  and  inferior  surface  of  tb«  tongue, 
1  irbidi  till!  lingual  hruncli  of  thn  tifth  is  alone  distributed, 
QTeyed  do  sense  of  tnste  in  the  majority  of  the  Miibjocts 
^  Valentiit'a  experiment*;  but  <iven  if  thiit  irvro  generally 
b*  coao,  it  voald  not  invnliditto  the  conclusion  that,  in 
W  who  have  the  sense  of  taste  in  the  anterior  a«ii  npp(*r 
port  of  tbi)  t»iig;iie,  the  lingual  br&noh  of  the  fifth  i«  the 
aarw  by  which  it  ia  omxcised. 

V     The  fmcmnoi^utrie  rt^nv,  ntrvu*  tagut,  or  jxtr  vayian  (l, 

'  fig.  151).  hiis,  of  uU  th(!  rraniul  and  spinal  ncrii-ca:,  tli«  most 

TuiouH  disfribution,  and  iufluences  tlie  most  voriuus  func- 

Iiions,  ritliT  tlimiigli  iU  own  filamiMits,  »r  tIioi>ri  tihich, 
derived  from  other  nfrvrs,  are  niitigled  in  its  branches. 
The  parfa  supplied  by  the  branches  of  the  pneumof-astric 
Dervo  are  rh  followa :  by  iti  pliaryiigcal  bronchi'H,  which 
enter  the  phiirj-ngeal  plexus,  a  Urge  portion  of  the  mucous 
Oiembruno,  nnd.  probably,  all  the  intuclos  of  tlie  pluuynx ; 
bj  tbe  superior  laryngeal  norri^,  the  mucous  mombrane  of 
Uia  under  Hnrface  of  the  epiglottis,  the  glottis,  and  the 
groator  part  of  tlio  larynx,  and  tbe  crico-thyroid  muscle ; 
by  the  inferior   laryngeal  nerve,    tlio  mucous    membmno 
and  nrnenilar  fibro*  of  tJie  trachea,  tbe  lower  part  of  tbe 
B  pharynx  and  larynx,  and  all  tlie  muHi'lea  of  tlie  larynx 
cxcrpt    the  crioo- thyroid ;    by  <B80pluigoal    branches,    the 
mucous  membrane  and  niusciiliir  <.>oal«  of  the  a.-sophagwi. 
■Sfonover,  the  branches  of  tlio  pnoumognstric  nerre  form 
Hb  Inge  portion  of  the  supply  of  neTves  to  the  heart  and 
^r-Uie  gnat  arteries  through  the  <!ardtac  uurvcff,  (birirod  from 
both  tbo  truulc  and  the  recurrent  nerve;   to  the  lunga, 
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through  both  tlui  lutttrior  and  the  poBt«rior  p 
jdextUM;  and  to  tbo  stomach,  by  its  t«niuiuil 
inaung  orer  tlia  irall«  of  that  organ ;  while  bnotchM 
also  distributed  to  tbo  Urn  and  to  the  spiMia. 

From  the  porta  thueeounwnited  as  receiving  o«rvM 
the  pnoumi^Rstric,  it  might  bo  nannnod  that  thin  lutlnr 
uem  of  mixed  fuoodon,  both  aensitire  and  motor.  Kxpe- 
rimonta  provo  that  it  iji  so  from  !la  origin,  for  the  initatiOD 
of  its  roots,  OTOD  nithin  the  cranial  uavi^,  prodacaa  IxXh 
pain  and  (soiiruUi\-e  mo^'Rni«nts  of  the  larjnx  and  phatju; 
and  when  it  is  dividrd  vitliin  Uio  nlctill,  tho  imno  mon* 
ments  follow  tho  irritation  of  the  du>tal  portion,  showiog 
that  th«y  are  not  duu  to  n.'flox  action.  Similar  vxparinMnU 
prove  that,  through  ita  whole  ooutfie,  it  oontains  both 
aensitive  and  motor  fibrea,  but  aAcr  it  has  emerged  btm 
the  skull,  aod,  in  somo  inetniK«s  ev^m  sooner,  it  entsn 
into  »o  many  anaslomoftcs  tluit  it  is  liurd  to  auy  whether 
tlio  GlaoioDts  it  contttias  are,  from  thitir  origin,  its  own,  or 
whether  they  are  di-rived  from  other  nerves  combiaing 
with  it.  Tbia  u  purliculurly  tho  caw  witli  Uio  filaments  of 
tho  sympnthotlv  nenre,  which  are  nbundaiitly  addnd  to 
nearly  all  tbo  brauchen  of  tlie  pneumpgaatrM).  The  likeoMs 
to  the  s%-n){i[itliotic  wbti^h  it  thna  acqnirea  ia  further  ia- 
creased  by  its  containiog  many  filaments  derived,  not  from 
the  brain,  but  from  its  owti  jmlroaal  ganglia,  in  which 
filamonta  originate,  in  the  same  manner  as  in  tho  gaag^ 
of  the  s}-mpalhetic,  so  abundantly  that  the  trunk  of  tiw 
nerve  is  vtaibly  larger  below  the  ganglia  than  above  thev 
(Bidder  and  Volkmann).  Next  to  tho  sympathedo  nsrve^ 
that  which  moet  importantly  conunouioates  with  the  pnen- 
mogaatric  is  the  a(K«story  nerve,  whoso  internal  branch 
joins  its  trunk,  and  is  loet  in  it. 

Properly,  therefore,  tlie  puettmogastric  might  bo  n- 
gurdcd  OS  a  triplo-mised  nerve,  having  oat  of  its  own 
sources,  motor,  eeiiulive,  aud  sympathetio  or  gangUooic 
nerve-fibres;  and  to  this  natural  complexly  ii  odds  that 
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l^-hicli  it  d«riTes  from  Uie  reoepUon  of  fitaments  fh»ii  the 
^npMhetiiCs  aaetaaotj,  uiid  nTrvioal  luirvcii,  aod,  prubublj, 

^the  glowo-ptuuTngottl  and  facial. 

^P  Th«  moet  probable  aocount  of  the  particular  AmctioDB 
vliicb  ttiR  l>rau<Jiea  of  ttin  jmiruiDOi^^triR  iKrrvti  clJ»ch*rgo 
ia  Iho  eorcnil  parts  to  whidi  tlioy  ore  distributed,  may  be 
dnwa  firom  Dr.  ^ohn  Beid's  experiments  on  dog*.  Th«}' 
•how  that, —  I.  Till!  phiiiyngenl  branch  is  the  principal,  if 
w>t  the  sole  motor  ucrre  of  the  phuTsx  and  tatk  pcJote, 
and  is  mort  prob«tbly  wholly  motor ;  a  part  of  its  mobn- 
fibns  being  dertred  trora  the  internal  branch  of  the  &C0)» 
amy  aervit.  2.  lliu  inferior  Uuyii^-al  iicrvn  i*  the  motor 
nerre  of  the  larynx,  irrilation  of  it  producing  vigoroua 
inoT«BM;tit«  of  the  arytenoid  cartila;>ea ;  while  iiritatioa  of 
the  0uperior  laryngnid  iiRrTu  givi-,s  riou  to  vo  actioD  in  any 

Bof  the  tniurclea  attached  to  the  arytenoid  oartilageo;  but 

^  niCTctly  to  contrautiouH  of  tbu  ertoo-tliyruid  muiwlo.  3.  llie 
tuiperlor  laryngeal  nerve  ia  chiefly  soiuitiro ;  the  iuferior, 
for  tlte  must  part,   motor;    for  diriaion  uf  tiio  mt-urrcnt 

InerTM  puts  an  end  to  the  motion*  of  tho  glottis,  but 
without  lessening  the  Eensibility  of  the  mucous  membrane ; 
uud  diviaiuu  of  the  superior  Urj-ngeal  nerves  leave*  th« 
movements  of  tliu  glottis  unofTecled,  but  deprives  it  of  its 
seoalbUity.  4.  The  motions  of  the  oesophagus  are  doi>ea> 
dent  on  motor  fibrvs  of  the  pueuiiiogiiatric,  and  are  pro- 

fbably  excited  by  impressions  mudo  upon  sensitive  fibres  of 
the  Mine ;  fbr  irritation  of  its  trunk  exdtes  motions  of  the 
CBOCphagus,  which  iTxt*:nil  over  th«  cordtue  portions  of  tho 
stomadii  and  division  of  the  trunk  paralyses  the  CDSO- 
idiagus.   whii:h   then   becomes  difttended  with   the  food. 

15.  The  cardiac  branches  of  the  puoumoguatric  norvu  ore 
one,  but  not  the  sole  channel  through  which  the  influenoe 
of  the  central  organs  mid  of  mental  emotions  ia  trauomitled 
to  the  heart.  6.  The  pulmonary  bronctios  form  the  prin- 
d]ui],  but  wot  the  xala  thanm^l  by  which  the  JDipreasiona 
on  the  muoous  surfaco  of  tliu  lungv  tliut  excite  re«pirutioii. 


MTO  trAiuiinitted  to  the  medulla  oblongata.     Dr.  R«id  wm 
unablo  to  dotcnnine  wlivt^m-  Hmj  eoaUun  motor  film*. 

From  tbew  resnlts,  niid  by  nfcrring  to  vrhat  liJis  beea 
mid  in  fDi-mer  cbaptere.  (he  ehare  irhiclt  the  |>uouiQogulne 
nem)  tnkox  iu  ibu  ftuinlioDa  of  Ihe  Mrcntl  parts  to  which 
it  sends  brancb^,  mny  bo  uodcnttood  : — 

I.  Id  dcgluliiion,  the  motioos  of  tJtc  jituu-ynx  iiro  of  tlw 
reflex  kind.  Tlui  iilimultu  of  the  food  or  olh«r  subetum 
to  be  fiwallowod,  nctitig  on  the  tilameDts  of  tbfl  gloeao- 
pliurvDKoal  nerve  b^  irell  aa  th«  filaments  of  t]i«  nipanor 
lnr}-ng«-jd  giviMi  to  ihu  pliniyiix,  ond  of  K>mo  otlier  avmt, 
perhaps,  with  wliich  these  <x>mmimicat«,  is  oonduoted  to  ikl 
medulla  oblongatft,  wfa«Dce  it  is  tefleot«d,  rliinflf  throngli 
the  pneujDogttiitric,  to  tho  mofcles  of  the  phaij-nx. 

3.  In  the  fiiDctioDs  of  the  larynx,  the  wnAtive  filmntsli 
of  (ho  pntMimo^iuitrii:  Huppty  that  Acut9  seoaibUitf  bf 
which  the  glottis  is  grinrded  ngniixt  the  iogreas  of  l()nt^ 
bo<li(«,  or  of  irresptrablo  gnat*.  The  cootttct  of  ibew 
etimiilntcs  thp  filnmcnts  of  the  niperior  torTDgeal  I 
of  ihe  ]<Qeunio|;astTio  ;  and  the  irapreaaieoa  convoyed  to 
medulla  ob!ou);ula,  whotlior  it  produoo  MQMtion  or  not. 
is  TcfltTted  to  the  filamcnto  of  the  recurrent  or  inferint 
liuryiigcal  branch,  and  excites  contraction  of  thit  musdM 
that  cl»»o  tho  glottis.  Itolh  tlieso  brunches  of  the  pncunKV 
gastric  co-operate  also  in  the  production  and  n^lotioa 
of  tli(!  voice;  the  infi^rior  lorjngeal  dntonnioing  the  OOB- 
traction  of  the  muscles  that  vary  the  tension  of  tho  vncal 
cords,  and  tho  sujierior  latyn^oal  convuyinf;  to  the  mind 
the  sensations  of  tlio  utaUt  of  those  miucies  neocsniT 
for  their  continuous  guidance.  And  both  tho  broadna 
<)o-oj)«ruto  iti  the  avtioiiit  of  llic  laryiis  in  tho  ordinal^ 
slight  dihitutkm  nnd  contraction  of  the  glottis  ta  the  acta 
of  expiration  and  inspiration,  and  morfj  evidently  in  thoae 
of  coughing  uud  other  forcible  rcapiratory  movemeote 
(p.  222). 

3.  It  is  partly  through  tholr  iufiucnce  on  the  seoiibili^ 
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nuMcnlor  moveiiient«  in  tiw  Uryns,  that  the  pnoamo- 
aerres  exercUo  m>  givat  an  iniluenoe  on  the  respira- 
|t(My  jimcdsfi,  and  that  tha  dtviaioa  of  both  the  uorvos  ia 
:monIy  fatal.  Tu  tltrtenniue  h<iw<l(!ath  ia  in  tliom  nun 
uuxi,  hiL«  Imcm  the  object  of  inniunerable,  and  often 
eoDtradictoty,  experinwnls.  It  i>  prabttblf  produood 
^difiler«Dtly  in  diili^rvnt  rjuf*,  luid  in  many  U  tho  rMuit  of 
co-operating  c^uMs.  Thus,  after  diri&ioa  of  both 
tho  nerras,  th«  res]iiratiou  at  ouco  buvoiniM  idow«r,  tlio 
number  of  re^irsUons  in  a  given  time  beln^  commonly 
diminished  to  one-half,  probahlj  becatue  the  pneumo- 
gastrie  nerveii  urn  tha  princHpnl  condiiictani  of  tho  impros- 
^_|^0o  of  tho  noouaftify  of  breathing  to  the  medulla  oblongata, 
^pteapiration  doea  not  oeaae;  for  it  is  probable  that  the 
impremon  may  bo  oonvoyod  to  tho  medulla  obkmgat* 
through  the  seoaitire  nervea  of  all  parts  in  which  the  im- 
perfsctly  aeral«d  Idood  flown  (iwo  p.  5 16) ;  yet  the  rwpira- 
tioD  being  relaided,  adds  to  the  other  iigurious  cQbcta  of 
divisioa  of  tho  nert-ea. 

Again,  dirldoo   of  both   pneumogastric  trunln,  or  of 

both  their  tecurrent  braiicLe«,  is  oflen  very  quickly  taisi  in 

ymatg  ■"■■"«*" ;    but  in  <ild  utiiiaiihi  Um  diTiuon  of  the 

Birant  norvo  Is  not  generally  fat4d,  and  that  of  both  tho 

lOgaatriv  tniuk-H  is  uot  alu-uvH  fatal  (J.  I!«id),  and, 

hen  it  is  so,  the  denth  eusues  slonly.     'Diio  difri.Tfi)i.'0  is, 

bably,   berause  the    yieldiug  of  the  cartilages  of  tho 

nx  in  youii};  aiiinialH  pitmiita  the  glottia  to  be  cloeed 

tlio  ntmwiphoric  pressure  in  inspiration,  and  tlicy  iim 

lOa  quickly  sufFocated  uulwa  traclieotoiny  bo  performed 

[LflgalloiB).      In  old  knimnln,  tho  rigidity  and  prominence 

the  Btyl«noid  cartibig«a  prevent  the  glottis  firom  being 

mplelcly  cIuimhI  by  tb»  atRKMphrrio  prvaHure ;  eres  wheo 

tho  mtucles  are  paralysed,  n  portion  nt  ita  poittrrior 

remaiiu  open,  and  through  tlua  the  animal  coDtinues 

bi«ttthe.     \vt  the  diminution  af  tho  oriliM!  for  ro»ptra* 

lioo  may  add  to  the  diiliculiy  of  maintaining  life. 

a  u 
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Id  th«  OBM  of  &low«r  death,  aStet  division  of  both  fl» 
poetunogBctric  ncnriMi,  tlm  lun^  nnt  vominoiilj'  fbiixd 
fOtgoi  with  blood,  cedciaiatoaB,  or  arariy  solid,  or  with  k 
kind  of  low  puetimouia,  and  with  tli«ir  brondiixl  tidiM 
full  of  frothy  bloody  tluid  and  mucus,  dtui^M  to  whicb.  ia 
general,  tfaa  deatli  may  be  proximately  ascribed.  Tlsn 
fihangoa  on  duo,  perbaps  in  port,  to  tho  infloenoo  wUch 
tiie  pnenmogastrio  nerres  ex«R3se  od  the  moT<ometiH  of 
th«  air-Mils  wid  krocohi ;  yet,  ainoe  tliey  an  not  alutya 
produMd  ia  on«  lung  when  it«  pnenmogsatric  norre  ii 
divided,  tliey  cannot  be  ascribed  wholly  to  the  suapeBBC* 
of  organic  iu>rraiia  ioflueun  (J.  Rnld).  ItuUier,  they  dwf 
be  ascribed  to  the  hiadraoce  to  the  passage  of  bkmj 
througii  the  lungs,  In  consequence  of  the  diminiahed  nf^j 
of  air  and  the  fxccss  of  cnrbooic  acid  in  the  air* 
cells  and  ia  tho  pulmouaty  capillaries  (see  p.  239);  ia 
part,  perhnps,  to  jiaraljida  of  (he  blood-Tcaaala,  loidiiig 
to  crmgestioD ;  and  in  part,  also,  as  the  experinMDll 
of  Traube  especially  sbow,  they  appear  duo  to  Ibi 
pasiiafre  of  foml  mid  of  tlie  vnrious  sK-rations  of  the  nkODlli 
and  fiincos  through  the  glottis,  which,  being  deprived  «f 
its  seosibility.  is  no  longer  atimukted  or  closed  in  co>- 
■equenoe  of  tlMir  contact  lie  vays,  that  if  tho 
diTidod  and  Koparatod  from  the  oesophagus,  or  if  only 
<M01>hagus  be  tied,  so  that  no  food  or  secretion  from  abon 
can  pass  down  the  treacliea,  uo  degonitratioii  of  the  tiMae 
of  tlto  luDga  vill  follow  the  division  of  the  pneuioogaetric 
oerrea.  So  that,  on  the  whole,  deatli  after  divuuon  of  the 
ptifumogastrio  iierras  may  bo  uitcriliiHl,  when  it  occius 
quickly  in  young  animals,  to  sulfocation  through  me- 
(dLaaical  closure  of  the  paralysed  glottis:  and,  wlini  tt 
oocun  more  slowly,  to  ttie  cougextion  and  jmeumooia  pro- 
duced by  the  ^minished  supply  of  air,  by  paralysis  of  tlis 
blood-vessels,  and  by  the  passage  of  foreign  fluids  into  the 
lirundbi ;  and  aggravated  by  tho  diminiahod  frequency  of 
rc»i>iiation,  tho  insensibility  to  the  diseased  atate  of  the 
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lungs,  the  ditiuniabed  aporturc  of  th«  glottis,  and  tho 
loM  of  tho  duo  Dorvous  iiiflu«DC8  upon  Uio  process  of 
reepiratioD. 

4.  RLitjicuting  Itio  itiHiionco  of  tlio  pneumof^trk  iiDrrwi 
00  tho  iDOTcmcDte  of  tlio  oesopUagua  aud  Htoiuorh,  die 
BMiMioa  of  gastric  lloid,  the  BonHiitiun  of  hunger,  abaoip- 
tioa  by  the  Ktomncb,  niul  tho  action  of  tlw  heart,*  former 
page*  Diu3r  ho  rofumid  to. 

Cjron  and  Ludwig  havo  dincovered  that  a  ruinarkiibli' 
povcr  appears  to  be  exercified  on  tho  dilatation  of  tho 
blood-vetnls  bj  a  naall  norm  which  ariso«,  in  the  rabbit, 
from  the  superior  hii70g«al  brandi,  or  team  Uiis  and 
th«  trunk  of  tho  pneumoj^aatrio  n«rvo,  and  al{«r  lom- 
iQunimtiii}(  witli  fiUtiioiiU  of  thu  iiifnrior  o^rrvical  gnngliott 
proceeds  to  the  heart.  If  this  nerve  be  dirided,  and  it* 
uppi-r  pxtrcinity  bi*  ntimulnti'd  by  a  rrvak  inlL-rruptiHl  cur- 
rent, an  inhibitory  inlluenco  i»  iKinviiycil  to  the  rneo-motor 
««nae  tu  lli«  medulla  oblongata  (p.  576;,  eo  as  to  cau«e, 
by  rvflox  action,  dilatation  of  tlie  principal  blood -n^iuKtbi, 
vith  diminntioQ  of  tho  forco  and  fiVKpioncy  of  the  heart's 
action.  From  the  remarkable  lowering  of  the  blood- 
pnMora  in  thu  vc!uu.<l>,  thus  produmd,  this  Iirancrh  of  tlio 
Tagoa  is  called  the  itfj'rfn'or  iiorvt>i  and  it  in  presumed, 
as  an  afferent  nerve  of  tho  heart,  to  bo  Ibo  means  of 
fionroytng  tu  the  vaao-molor  ventre  in  tJie  medulla  indioa* 
tiMunf  such  DomlitionA  of  lh»  heart  as  ri-^uin;  a  loTcering 
of  the  blood  pressure  in  tho  vessels;  as,  for  example, 
irlien  tli"  heart  cannot,  with  sufficient  ease,  propel  blotiil 
into  tlw  already  too  full  or  too  t«iuto  artorica, 

*  See  foot-not^  p.  577. 
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Phytiotoffy  of  li#  Spinal  Aeteuory  Nem. 

In  the  preceding  pa(^  it  is  iiti|^«d  Uiat  all  the  moUt 
iufluunctt  whidi  tlw  pnciinM^uftrio  Dcrvmi  cx<>nuMt,  i«  txn- 
veyed  through  filaments  which,  from  their  orijj:in,  belot^ 
to  them ;  and  this  ia,  perliapii,  true.  Yet  n  qtiettlion,  vhieh 
Km  t>«OD  oftnu  diaoiicacd,  maj  still  bo  ontratninoit,  wbotlwr 
II  port  of  the  motor  filamfiDts  that  appear  to  belong  ta 
the  pneumogastrio  nerrea  an  Dot  giTen  to  them  Cram  the 
ncCMMorjr  nojTCH. 

The  principal  hroiu^b  of  the  acteeeoiy  nerve,  its  extenal 
hnnoh,  supplies  the  ttcmo-m&Ktoid  aiid  trnpi-ziox  miucW; 
Bodi  though  podn  i«  prodiiood  by  irrititting  it,  is  rompond 
almost  exduaiT«ly  of  motor  fibiea.  It  might  appear  vnj 
probable,  therefore,  that  the  inti^mal  brnnoh,  iHiich  u 
added  to  the  trunk  of  the  pneumogastric  just  bofote  d» 
giTtng  off  of  the  pluiryngMl  brandi,  i»  alito  motor ;  Bod 
thAt  through  it  the  pn«iimogttstri«  nerro  deriTes  part  of 
the  motor  Hbrea  uliich  it  MippUed  to  the  muscle!)  ennmw- 
ated  aboTO.  And  fiirthiir,  since  th<!  pneumogsstric  nnrt 
haa  a  ganglion  just  above  the  part  at  which  the  iatenal 
branch  ef  the  accoaaory  nerve  joinB  ita  trunk,  a  <kae 
aatHojiy  maj  aeem  to  exist  between  tbow  t\ro  nerros  sod 
the  spinal  nerves  with  their  anterior  and  posterior  imtt. 
Id  this  view,  Arnold  and  several  later  pby siologTSls  hare 
K^pirdi^I  tlie  otswwory  nerve  m  oonisti  tit  ting  a  motor  rent 
of  the  VDgus  nerve ;  and,  although  this  view  cannot  SOV 
be  lusintained,  yet  it  is  very  probable  that  tbe  aextmcaj 
nerve  gives  eome  nuitpr  filanients  to  the  pneumogastric- 
For,  among  the  experiments  made  on  this  point,  naajr 
bare  shown  tliat  wheu  the  Bo^eaiioty  nerve  is  irrilsted 
within  the  bIcuU,  convulsive  movemtmtJ!  ritnue  in  some  of 
the  muscles  of  tbe  huynx  ;  oil  of  which,  as  already  stated, 
are  supplied,  appareutly,  by  bmuebee  of  the  pneiinM* 
gastric ;  and  (which  is  a  very  siguificsiit  fact)  VroUk  statss 
tiiat  in  the  cliim^iuizee  the  internal  branch  of  the  iiim«i«»ij 
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does  not  join  tlio  pnoninogAstric  at  all,  but  goos  dlroct  to 
tbo  laiTTix.  On  the  whole,  therefore,  ttIthou)th  in  tomo  of 
the  experimenU  no  ino««moTifai  in  tho  Luij-ux  foUoired 
irritation  of  tlio  luxwnoiy  n«TVfl,  yet  it  maj  bo  conrlmliNl 
that  this  n«rvo  ^rea  to  the  pneumof>H«trio  some  of  the 
rootor  fihuneato  wkit^b  (laas,  with  ihit  liirj-npMl  liraucbw, 
to  tbo  mniwles  of  the  loirynx,  ospociAlJ;  to  tho  crico-thyroid 
(Bernard) ;  olthongh  it  is  certain  that  the  ac«e«8orT  nerve 
doea  not  ntpplf  all  tho  mr>tor  lilanionta  wbJcli  the  braudica 
of  tli«  pMumognnInc  contain. 

Among  the  roota  of  tho  nc(xiw>rj  nem,  the  lovm-, 
fttimng  ftoin  the  spinal  cord,  a|>pear  to  be  composed  ex- 
olutiwlj  of  motor  fi1>i>!!>,  and  to  b«  cIoMtiiiod  ontiraljr  to  tho 
trapenas  and  stemo-mostoid  muscles ;  the  upper  fibres, 
ariaing  from  the  medulla  oblongata,  contain  many  eenHiliTO 
«  wall  OS  motor  fibne. 


Pkjflictotg  of  th^  IfjfpogJouat  iVVnv. 

The  hypoglossal  or  ninth  nerve,  or  motor  Uu^a>,  hoe  a 
peouliiir  relnticju  (o  tlio  luusrlo*  r<mnc<^t(!d  with  tho  hj'oid, 
boue,  including  those  of  the  tonj^e.  It  supplies  through 
its  dcM^miiling  bratidi  {desc^ndfm  tioni),  the  at*mo-hyoid, 
stemo- thyroid,  and  omo-hyoid;  through  a  special  branch 
the  thyro-byoid,  and  through  its  lingual  branches  the 
geiuo*)iymd,  Btylo-|j;lotisus,  hyo-glowiia,  and  genio-hyo- 
gtoesua  and  lingunlca.  It  contributes,  also,  to  tho  supply 
of  the  submaxillary  gland. 

Thn  function  of  the  lij-poglowal,  i^,  probably,  esdu- 
umly  motor.  As  a  motor  nerve,  its  influence  on  all  tin) 
nttaciles  enumerated  above  is  shown  by  their  convulsions 
vhen  it  is  irrilahtd,  and  by  their  Iosb  of  power  when  it  is 
paralysed.  The  effects  of  the  parolyaja  of  one  hypoglossal 
nwve  are,  however,  not  very  striking  in  tho  tongue. 
Often,  in  cnsps  of  liemipl«gia  iuvolving  the  fiinotions  of 
the   ly^ioglossai  neni-e,  it  is  not  jiossible  to  observe  any 
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i^smtfon  ia  tlm  diroction  of  die  protroded  tongoe:  ]«<v 
bubly  boeatiu  Iho  ton^ie  is  eo  compact  and  finn  tbiU  tbr 


rt^  isr." 


•  Fijj.  151,  Mrwof  Ideiicrvofiif  Uio4txlitli|wir.lfa»r9iririlnilion 
niitl  ronnccliooa  oil  lUo  lift  gjilr  (fmin  Ssppry  arter  ninrhfi-M  Uld 
T.i'vrillii.  |.— I,  pncnmognslrin  n.'rve  i[i  t!ip  nwk  ;  a,  (pitiijtiiTii  nf  iti 
tmnk ;  j.  its  uuton  wild  ilia  9x<iiul  acaraaory  ;  4,  iu  uaioti  with  i1m 
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mtmlcs  on  o!th«r  nde,  th«tr  inaertioii  \mng  nouljr  pnrtJlol 
to  the  median  line,  csu  pmifa  it  straight  fbirirazda  or  turn  it 
Cot  ootntt  <ti«bmoe  towitnla  idtber  Bi<l«. 

Ph^tiologtj  of  th«  Spinal  Kfrvfi. 
Lattla  nctid  ha  addod  to  wlmt  biu  Iwon  already  mid  of 
ttwM  nCTTW  (pp.  493  to  495).     The  anterior  roots  of  the 
•pinal  nerroa  are  formed  exclusively  of  motor  fibrut ;  tho 
povtnrior  rootit  uxi'Iusivnly  of  snnsitivu  filirex. 

Beyond  tho  gnngUa  all  the  spinal  nerves  appear  to  be 
mixed  nerrca,  and  to  contain  aa  well  sympatbetio  fila> 
meotfl. 

Of  the  functions  of  the  ganglia  of  Hm  ^inal 
lusg  mry  dufiiiite  is  knon-n.     That  tliey  are  not   the 
tors  of  any  of  th«  ascertained  n^ex  actions  t)irou){]i 
tha   Bpinal   nerves,    is   shown    by   the  reSex    moToment 
nuiog  when  tint  potberior  roots  aro  divided  botwvon  tti« ' 
ganglia  and  tlie  s^oal  cord. 


Of 


ruTsioi.oGT  or   tub  STMPATKBTIC   XKavK. 

Tlie  (^lapathetic  nerve,  or  sympathetic  system  of  nervee, 
obtained  ita  nanui  from  tliu  opinion  tluit  It  i*  tho  mea 
tbroogb  which  are   effected  the  senral  ^pnpathiea  ta^ 


lirpo^Inristl  ;  5,  iihaiyiiftcjil  1ii>nrh  :  6,  luptiur  laiyngcal  dctvb  :  7, 
ntsnial  l»ryugp»l ;  8,  iHryiipml  }ilBniii ;  9,  Inferior  or  iwurrcnt  larjn* 
gra)  ;  10,  nipTrior  cardiac  bntui-'h  ;  1 1,  midillv  cardiso ;  t>.  jiloilfiim 
[Mft  of  the  ustvc  in  ttiF  thorax  ;  13.  iKvrUriorpuImriaiiry  plaiiu  ;  14^, 
iitifpuil  or  gustatory  nervo  of  tlip  inferior  muJUury  ;  15,  b^pc^i 
lamlDtc  into  the  nimclM  of  tho  Ioiikrb,  ffrtnn  it>  ihyro-hjrioid  hraaeb, 
■dJ  unltliiK  wltlt  tviK' "'  '^"^  linicaBl ;  16,  KlnaM-|iharyni[citl  nrrrc  :  17, 
■pinsl  aoi'inaory  ii*rvM,  milling  \rf  ilx  Inner  branch  with  Ihc  [inf^nmo- 
j^ttric,  and  by  its  outer,  ]n«aiiig  iuto  tk«  KU'CuO'innsIuld  inuxi'l"  ;  18, 
■Dcond  cen'ii^Ic  ncrr* ;  i<),  third  1  Io<  fourtli;  11,  ori^n  uf  llio  plirmic 
liVTvit,  II,  13.  6lth.  ttxth,  icvcnlh.  nnd  eighth  ccnirul  nervu.  rormins 
vitli  llii<  ftr>t  rInrNit  thn  lintrliiiil  jilitxiifi ;  24,  nporior  ciriii'al  Ksnjillon 
at  th''  lympnllietiL' ;  15,  uiiiMlu  vi<rvic>linuigliou  ;  26,  iiifijriorcTTVital 
|ttnj(tioii  united  with  thv  fitici  Aortal  (pngUoa  ;  17,  iS,  19,  30^  acooail, 
tUrJ,  fourth,  tail  fifth  ionai  ganglia. 
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morbid  action  vliidi  dintrnt  orguu  mftui&dt.  It  hn  >1m 
beeo  called  the  iwrdoM  tjrJtm  0/  oryanie  li/f,  apoa  tli«  aip- 
position,  now  proved  enoDeous,  tliat  it  aloa«,  as  a  nerroM 
eyetsm,  influiODoeit  the  organic  prcwiMi  Both  t«niiii  an 
defeotiTei  bvt,  mnce  tin  title  igmpatitHe  ntrv*  bm  tiu 
adnatagfl  of  long  and  moet  g«aie»l  cnatom  in  its  bmr, 
and  is  not  mora  inncmratc  than  the  other,  it  will  bo  btn 
employed. 

The  general  difEDroocM  betiroos  tlw  fibnw  of  thv  otn- 
bro-sjiinnl  nnd  sympathetic  amma  have  been  alKady 
stated  (p.  468) ;  and  it  haa  been  aatd,  that  although  muk 
goiUTol  diJTuranco*  oxist,  nnd  aro  sutHciontty  disoermUe  is 
si^locted  fiUments  of  each  sjetem  of  nerres,  yet  they  are 
neitluir  so  oonstaiit,  n<ir  of  nuch  a  kind,  us  to  wnrrant  the 
mplKwition,  that  tlio  diBerent  modes  of  action  of  the  tvo 
n-stema  can  be  referred  to  tha  differml  struclures  of  their 
fibiva.  Kather,  it  is  probable,  that  tho  litn-s  of  condactioa 
by  the  fibres  are  in  both  eyetenu  the  same,  and  thai  the 
diflSaranoM  uaniliMt  in  the  modea  of  action  of  tlio  sj-ubmu 
are  due  lo  tho  multiplicBtioD  anti  separation  of  tho  nerrwu 
centres  of  the  sympathetic :  ganglia,  or  nerre-eentres,  being 
placed  in  connection  with  tho  libiw*  of  tho  sympftthetM;  ia 
nearly  all  ports  of  their  course. 

Aocording  to  the  moat  general  view,  the  ^mpatlurlic 
system  may  be  descriliet]  ns  arrniigod  in  tiro  principal 
divisions,  each  of  which  consists  of  ganglia  and  conneetiBg 
fibres,  llie  first  division  may  include  thoae  ganglia  which 
are  ncated  cm  and  involve  the  main  trunks  or  branches  of 
cerebral  and  spinal  nerves.  Thia  diviuon  will  indude  the 
large  Gasaerian  ganglion  on  tlie  sensitive  trunk  of  tho  fifth 
oerebral  nerre  (fig.  152),  the  ganglia  on  the  glosso-phaiyn- 
g«al  and  pneumogaatriu  nerves,  and  the  ganglia  on  the 
poateriororMDsitirobranchesof  the  spinal  nerves  (fi^.  I41). 

To  tho  second  diviHion  Ixdong  the  double  chain  of  pne- 
vertebral  gftnglin  (24  to  30,  fig.  151)  and  their  branched, 
extending  from  the  interior  and  base  of  the  skull  to  iho 
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*  ftg.  iji.  UmiftiI  I'liji  ..1  Uw  bnuiohc*  of  Oio  fiRli  pair  (aftsr  a 
tlti'ttli  I'V  L'iinrlen  lipll),  J.—!,  lekicr  Ko'l  u(  the  ftltli  pair ;  X,  gn»UiT 
!!>:■;  [iiuu;){  fL.iAiiJx  luto  lliD  (.•n.-.^nnii  ^^ugliuii;  3,  |iIhv(h1  oD  tho 
bmic  above  tiuophUulmlc  nerve,  which  iatetn  itlTiduij[tnb>  tliPM|)n- 
Mbitid,  lacliiTTaal,  ami  natal  braoDlisa,  thv  latter  (rnnnoclml  witli  tliu 
npbtbaliuicf^aiigliuui  4,  pla«i<d  on  (he  honn  rlou  totbc  ruramrii  n>luD- 
^m,  imika  tlia  niprrior  muulUi^  dirinion,  whlrli  u  conuoctol  li^lnw 
with  the  aplinui-iMliitine  ganglion,  ami  iib«w»  forwaniM  to  tliv  iultn- 
orWtal  roramni ;  5,  placed  on  the  bone  over  t1ii<  foniiiirn  ovnie.  muka 
tb*  tutimiudllniy  novo,  giring  oB  the  anterior  auriciilnj  niiil  niuB^uIar 
bnaclH*,  Mid  MrottsiiBd  bj  the  Inretior  itcntnl  to  the  lomnjaw,  and  bf 
lb«  gualatOTy  to  Ih*  longm ;  it,  tho  tnlinutxillriTy  gland,  (be  mbniax- 
illafjr  ganglion  placed  ibote  it  in  ooniioction  with  the  ^atoliiry  nBrre  ; 
6,  ifao  chorda  vpn'pud ;  7,  the  Gwiat  ii«rT«  iMning  from  tlie  nljio- 
mutojd  (oramon. 
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their  giuiglk,  as  the  ottrdiM,  fh»  eoW,  the  reool  ud  lij 
guaUii:  [iIcxucm;  «iid  in  tho  Mune  ttiTieton  may  be  inctn 
th«  gutgUa  in  tlie  neighbouriiood  of  the  head  and  Deck, 
namolji  tlin  «]>1itlialiiuD  or  iGutitulor,  tbo  ■phfino-pnUttati 
tlie  oti^  and  the  submaxillnry  ganglia  (fi^.  152). 

The  atruolure  of  all  these  ganglia  appgors  to  be  ■;««>■ 
tially  similar,  nil  contaiDing — lit,  norve-fibree  traversilig 
th«tn;  2>uilg,  nerve-fibres  originating  in  Uiniu ;  ^r^tf, 
Qorro-  or  ganglion-corpnaclM,  giving  origin  to  tliee«£thrw; 
and  4>hlf,  other  corpuscloa  that  appear  iree.  And  in  the 
trunk,  nnd  thcnnn  pniux.'ding  Itranchea  of  tho  ^mipathiMio, 
there  appear  to  be  alvrays — itl.  fibre*  whii^h  ariiM  in  iu 
oira  ganglia ;  2ndli/,  fibres  durivnl  from  tho  googUa  of 
tho  cerebral  and  ii}iinnl  nerres ;  jWiVy,  fibres  derived  btm 
the  brain  and  spinal  cord  and  trauBmiflM  tbrvngfa  (ko 
louta  of  tboir  nerrtM.  Tlui  itpiual  cord,  indeed,  appetn 
to  furnish  a  large  Eourco  of  the  tibros  of  the  sympathctie 
nomi. 

Respecting  tho  roiimu  of  tho  filnmonts  belonging  to  ibe 
Bynipaihetic,  the  following  appears  to  have  bo«D  dettr- 
mined.  Of  tlie  filamenUi  doririid  from  tlio  ganglia  00  the 
cerebral  nerve«,  some  niaj-  pass  toiraids  the  brain  ;  fiir,  in 
tho  tnink*  of  tlie  nenm,  bctw>»n  tlio  ganglia  and  tke 
brain,  fine  filaments  like  those  of  tlio  ajmptttbetic  am 
found.  But  tbuw)  may  bo  procooding  from  tho  bruiu  to 
the  ganglia;  and,  on  the  whole,  it  is  probablo  that  nearljr 
all  the  filuQOaits  originating  in  tlin  ganglia  or  oerebnl 
nerves,  go  out  towards  the  Uasucs  and  organ*  to  be  Mip> 
plied,  wMno  of  them  being  oentrifugnl,  some  centripetal; 
ao  thnt  each  ganglion  with  ifa<  outgoing  filamenU  inaj-  (tm 
a  kind  of  epecial  nervous  system  opproprittt*)il  to  the  pait 
in  which  ita  fil(iui<!uts  are  placed.  Buch,  for  example^  iDtjr 
l>e  tlio  ophthalmic  ganglion  with  the  ciliary  n«r«-ni,  eon- 
Docteil  with  the  brain  and  the  rest  of  tlio  sympathetie 
^■slein  by  tlie  lirandies  of  the  third,  fifth,  and  nynipa- 
thetic  nerves  that  form  its  roots,  yet,  hy  filaments  of  its 
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nvn,  controlling  in  hcisa  mndn  and  degroc,  (bo  proccaaes 
in  the  interior  of  tho  ovo. 

Of  the  fibres  that  arise  in  tlie  Bjnnal  gan(;)ia,  some 
appear  to  puu  into  tlie  poatraior  bnutchist  of  the  apinal 
ncrviM,  and  to  ho  'Itstribntod  with  thvun ;  tfao  rest  pass 
through  the  Lranchea  hy  wMob  the  eiiiiiul  nerves  (.'untmu- 
&imto  witli  the  truiikH  uf  the  Hj'mput)i(!li<%  and  thirn  entering 
tHe  sympathetic  are  disiribiitod  with  its  branches  to  the 
viiccra.  With  llie±«,  also  a  certain  number  of  the  large 
ordinary  cerebio-Rpinal  ncrrc-fihrcn,  aftw  trarvrciiig  tho 
ganglia,  pass  into  tho  Bympalhetic. 

Of  th«  fibroa  derived  trom  the  ganglia  of  tho  aympa- 
tli«tio  itsolf.  »omo  go  straightway  tuwurda  tlio  tUcctu,  the 
rect  puvH  thmuf^li  thu  branches  of  uommunicitdon  between 
the  sympathetic  ami  tlwi  braiw^hes  of  the  spinal  nerves, 
and  joining  these  spinal  nerves,  proceml  with  lliem  to  ilieir 
rMp4>etiTo  sralH  of  diNtribtitiun,  e^pct^iully  to  tlie  more 
sieuaitiT«  parts. 

Thus,  through  thcw  comniuiii eating  briuithcs,  which 
haT«  bo<>n  generally  called  roots  or  origins  of  the  ^'mp&- 
th«itie  uiTrru,  an  interchange  is  effected  between  all  tho 
spionl  n«ma  tuid  tho  sympathittic  trunks ;  all  the  ganglia, 
al»o,  U'hich  are  seated  on  the  cerebral  nerves,  liave  runts 
(as  tiw.y  mn  callod]  tliroiigh  vrhich  tiliiments  of  tbo  cere- 
bral ncrvee  ate  added  to  their  own.  So  that,  probably, 
all  Bjmpatlietio  nervea  contain  some  intomiinglod  (vrubral 
6r  spinal  norvo-Sbrns ;  and  all  cerebral  and  spinal  nervea 
Bome  filaments  derived  from  the  sympathetic  system  or 
from  giuigliri.  lint  tha  propiirliunH  in  irhicli  tJieso  fita- 
tnents  are  mingled  are  not  uniform.  The  nerves  i«-hic<h 
arise  from  the  bnuu  and  spinal  cord  retain  throughuut 
Uteir  cnnnio  niid  ilixtribtititui  n  pntponderanco  of  etrebrv- 
tpiiutl  fibres,  while  tho  nerves  immodiatcly  arising  &om 
tlie  BO -called  sympathetic  ganglia  probably  conlnin  a 
majority  of  njmjiatkrtic  fibrcH.  But  innnnudi  as  thitm  is 
certainty  that    in    structure  the  hrocches  of  cerebral 
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or  spinal  nervM  diff«r  always  from  thoM  of  the  synpsUiBtit 
«}ratam.  It  ia  impo«aibU  in  the  preaent  state  of  our  Ian- 
ledg«  to  be  sun  of  tho  tonreo  of  fibraa  whicli  Irom  tluir 
itructure  might  l«ad  tbo  obMrvor  to  Iwlieve  tiiat  the;  am* 
£roin  lh«  bnun  or  flptoal  oord  oo  tbs  ooo  hmd,  or  fna. 
the  aympalhetio  ganglia  on  tho  otiter.  Ia  oth<T  woni^ 
although  th«  large  white  tubular  fibres  ore  eqxwialljr  tha> 
raotaiudo  of  oer«bro-s|)ina]  nerrea,  and  tbo  pale  at 
gelatiiioiu  lifiruA  of  a  sympathetio  n«rve,  in  which  tkt; 
larg^  pnrpoD  derate,  there  is  no  oortauity  to  be  obtaimd 
in  a  doubtful  oa^,  of  whether  the  nerv»-fibra  ■•  dented 
from  one  or  tlm  <»thur,  from  more  examinatign  of  iu  itrne- 
ture.     It  may  be  derived  from  either  sonrco. 

With  reaped  to  the  fiinotiona  of  the  ^mpathotic  nenwa 
^ttoni,  it  may  bo  mtatod  gmmriilly  that  the  ^mpothrtio 
nerre-flbres  are  simplu  conduLtora  of  impreosions,  oa  thoK 
of  the  vore1>ra-spiiial  sj-stem  aro,  aud  that  the  gaogUcme 
omtreB  have  (each  in  ita  appropriate  xphere)  the  like 
powera  both  of  conducting  and  of  oommonitsting  imprat- 
aioDH.  Their  power  of  ooiidurting  impreatuona  is  eofi- 
citotly  proved  in  ordinaiy  disoaoes,  aa  wlum  any  of  the 
liacers,  uaually  uufelt,  giro  rise  to  senaations  of  pain,  or 
when  n  port  not  oomnionly  eubject  to  mental  influraee  h 
excited  or  retarded  Id  ila  actions  by  tlio  rarioua  conditMU* 
of  thi^  miud ;  for  in  nil  theae  cases  improMions  mud  be 
oooducted  to  and  fro  through  the  whole  dUtanoe  betwrno 
the  purt  iiiid  tli»  ajiiiml  ciord  and  bruin.  So,  aUo,  in 
•speriiucnte,  now  mere  tlion  BufHciently  numerous,  irrita- 
tioDs  of  the  aemilunar  ganglia,  the  splaaduiio  nervee,  tba 
thoracic,  liepatio,  and  otlu-r  giingtin  and  iierriw,  hare  olidted 
expressions  of  pain,  and  hare  exdted  itKiTcmeuta  in  the 
muscular  organs  supplied  from  the  irritated  part. 

In  the  oum  of  pain  exritod,  or  tnovem«Dta  affected  by 
thu  mind,  it  nioy  be  supposed  that  the  conduction  of  im- 
preseions  ie  efffuted  through  tlie  cerebro-apiual  fibre* 
whidi  ore  miugU'd  in  all,  or  nearly  all,  ports  of  the  ^ym- 
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)>Unw.  Tberi>  oie  do  menm  of  deciding  tliia ;  but 
If  it  be  admtttod  that  tha  oonduotion  is  cffeoted  through 
thoocr»1ir<i'«])iiial  nurve>fit>reii,  tli«n,  vh<ttl)«r  or  iii>t  tliey 
pBM  UQ interrupt edlj*  betwoen  Ihci  braio  or  epiaol  cord  and 
tha  i»it  aOeoted,  it  must  be  assumed  tliat  their  mode  of 
conduction  i»  miKlifuKl  l>y  tlio  gitnglio.  For,  if  Hui>h  <M!r«> 
bro-spical  fibrea  on  conducted  in  the  ordinary  miuuier, 
the  patU  should  be  always  Bsauble  aod  liable  to  the  in- 
flu«iioe  of  the  ifill,  and  impreasiona  shoiild  be  conveyed  to 
and  bo  infitantanooitaly.  Itut  tlilH  is  not  th«  cnaa;  on  tha 
contrary,  through  the  branches  of  the  sympathetic  tuem 
ud  itH  g&Dglia,  none  but  iuleuse  impteeaions,  or  imprea- 
aioOB  exaggerated  by  the  morbid  oxdtnbility  of  the  norvos 
or  gwiglto,  cau  be  couveyed. 

Baspeoting  Iho  general  action  of  thn  giuiglia  of  tiio 
a3'mpathetic  nerve,  little  need  be  said  hero,  since  they  may 
bo  tnkcn  a»  examiitcs  by  whiuli  to  illuMrate  tlio  mnimon 
modes  of  action  of  all  nerre-c«ntrcs  (m>o  p.  483).  Indwd, 
complex  as  the  sympathetic  system,  taken  as  a  vhole,  is, 
it  pnamtM  in  eadi  of  its  parts  a  iiimpliijity  not  to  be  found 
Is  the  oerefaro-spinal  system :  for  each  ganglion  with 
nfforeiit  and  effiircnt  nerrea  ibnne  a  simple  nervous  eysteoi, 
and  might  s^o-ve  for  tho  illustntUoin  of  all  tlio  narroua 
actions  with  vhich  the  mind  is  uncoan«ct«d.  But  it  vill 
be  more  cunvt'meiit  to  consider  the  gaogUa  Dov  in  conneo- 
tion  with  tho  functions  tliat  they  may  bo  supi>oaod  to  oofi- 
B  trol,  in  tha  aevond  organs  suppliiid  by  the  syinpathdlo 
^LjQBteni  alone,  or  in  ooujunclion  with  tho  corobro-i^iiniiL 

H        Tha  g(Tn«iral  proceiutes  which  the  sj-mpathetic  appears  to 
induence,  are  those  of  involuntAiy  motion,  oecretion,  and 

•  nutrition. 
Muny  movomiMits  take  place  inTolnntanly  in  parts  sup- 
pbed  with    cere bro- spinal  nervcc,   as  the   reaiiiratory  and 
other  apiunl    rellux    motions ;     but  tho  parts  primipally 
supplied  with  sj'mpathetio  ncrvos  are  uaually  c«pablo  of 
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votub  but  InToluntftiy  movempnt*,  ftiid  wlieo  Uie  mind  adt 
OD  thvm  ut  ull,  it  is  only  tlirough  the  atrou|;  exentooMnit  v 
depreming  influtmn)  of  itoaie  paanao,  or  through  mmi> 
voluntU3'  moTemeDt  with  which  the  actions  of  the  invotno. 
t«iy  imrt  an  uoumonly  awociat«d.  The  heart,  ataauch, 
and  iotMtinM  nro  exum|il«it  of  thiMo  iitBt«in«Dt« ;  for  tl>» 
heorl  and  stomach,  though  suppli^  in  Urge  measure  from 
th«  iHUiuntogaalrii.'  iierve^  j'«l  jirobalil;  d^Hra  through 
them  f«w  filiinivnt«  <-xonpt  avh  im  hnnj  oHmid  from  their 
ganglia,  and  are  therefore  of  the  nature  of  Bjiuitathetis 
fibrM. 

The  parts  which  ni«  eappliod  with  motor  power  by  tht 
qmpathcidc  nerre  oontanua  to  more,  though  more  feebly 
thim  before,  when  tliny  are  Mparated  hom  th«tr  oattnl 
connections  irith  the  rwl  of  tho  sytnpatliodc  system,  and 
vhoUy  removed  from  tho  body.  Thus,  the  heart,  after  it 
ia  talcoQ  from  the  body,  oontiuuos  to  tieiat  in  MuinnuUia  for 
one  or  two  minutes,  in  reptiles  nod  Amphibia  for  hooiai 
aud  the  peristaltic  motions  of  the  inteetine  oontinue  under 
tho  xninn  circuiuntnticert.  llcnco  tho  motioa  of  tho  parti 
eupplied  with  uorvc*  from  the  sympathetic  are  ehown  to 
be,  in  a  measure,  indepeudent  of  the  braia  and  ajiinal 
citird. 

It  seems  to  bo  a  geoenil  rule,  at  least  in  animals  that 
have  both  oerebro-spinsl  and  sympathelie  nervw  muth  de- 
T«lopn>l,  that  the  iuvuluntiiry  niuviinonta  i^sritod  by  rtlmuli 
conveyed  tltroiigh  ganglia  ani  orderly  and  like  natural 
movements,  while  those  excited  through  nervea  irttfaout 
gaiigliu  ore  conmlalve  and  disorderl)' ,-  aud  tlio  probability 
is  that,  in  the  natural  stali<:,  it  is  through  the  same  ganglia 
that  uutural  eiiiuuli,  impres&ing  centripetal  iu!r«-o«i,  ate 
rofleiTtinl  tlirough  centrifugal  iierm  to  tho  involuntaiy 
muscles.  As  the  muscles  uf  rnipirntion  are  maiutained 
in  uniform  rhythmic  action  chiefly  by  thu  ri*tlcctiug  and 
combining  power  of  the  medulla  olilimgato,  fo,  probably, 
are  Ihoee  of  the  heart,  stomaoh,  and  intestiiiee,  by  their 
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ttmrid  gtaif;Vx&.  And  as  witli  the  ganglia  of  tbe  syinpa- 
tlutic  nod  th<ir  iicm«,  m  witli  thi»  nitilulla  oliluiigntA  nii<t 
ila  nerves  diatnbiitcd  to  n<i>pirntoTy  niusctes, — if  theee 
■wrres  or  tbe  medulla  ohlongBta  itself  be  directlj  Btimu- 
Intcd,  tlio  nitn-LiuciitM  tlutt  follow  aie  couniUivo  aad 
disonlt^rl}* ;  but  if  tho  medulla  bo  iitiniulated  tlirough  a 
centripetal  Derre,  aa  when  cold  ia  applied  to  the  aViu,  then 
tfao  impmiuiioiM  aro  reflected  so  aa  to  produni  nioTDmontJ 
vhlch,  (hough  tho;  may  bo  Toiy  quick  and  almost  con- 
mUiYe,  are  yet  combined  in  tlie  plan  of  the  proper  res- 
piratory acta. 

Among  the  ganglia  of  the  sympathetic  nerres  to  n-bich 
titia  co-ordination  of  morementa  ia  to  be  aaoribed,  must  be 
rcdcoood,  not  thoM  alono  utiich  arc  on  tho  principnl  tmnka 
and  brandiea  of  the  eympalhetio  estemal  to  any  oi^an, 
but  thaw)  itbiu  -irhich  lii)  in  tliu  very  Bubdtancc  of  the 
Otg»M  ;  such  OS  those  discovered  in  tho  heart  by  Itcmak. 
TImmo  a]»o  may  be  iucludnd  nhicli  liuve  htca  found  in  tho 
UMmtary  clom  by  tho  inlc^ti^'>>l.  as  rtvW  as  in  tho  «ub- 
muixnta  tissue  of  the  Blomach  and  inteetina]  canal  (Meiss- 
ner),  und  in  othvr  parts.  Tlit;  exteuHtuu  of  diHunvLTies 
of  such  ganglia  will  probably  dimiuish  yet  further  the 
number  of  iii6taiK*a  in  which  the  involuntary  movementa 
^poar  to  bo  otrc<-lcd  indopcndwitly  of  ciMitru]  uerroua 
influence. 

Reapectin^  tlio  iufliimce  of  the  aympatbetie  nerve  la 
nutrition  tad  secretion,  we  may  refer  to  tho  chapters  oa 
tboae  processes. 

The  iiiHiient'e  of  tlie  sj-mpatbctio  nervea  on  the  blood- 
Twwlo  hoa  been  alroudy  referred  to  in  tlio  t^oction  on  tho 
Arteries.  It  was  slated  tliat  the  muscular  tissue  of  the 
blood-Tesscls  was  supplii''!  }>y  xytnputhiitic  nnrvo-hronchm, 
called  troTa  their  distribution  and  Atnction  vato-molor 
nert«a ;  and  that  liy  these  the  condition  of  tho  TGasela  vtth 
respect  to  cantruction  or  relaxation,  and  thorafbrs  to  tho 
Btreum  of  blood  vhich  flowed  through  them  in  a  ^Tea 


timer  is  gorsnn^.  'When  tlraae  vaao-molor  narrM  m 
ialaet,  the  muscular  diwuo  of  tho  wteries  ia  always  ta  a 
itato  oC  bnio  coDtrection,  which  Torios  is  dcgrae  it 
diflbnot  tiRi<«.  Vfhea  the;  an  divided,  the  nusoulir 
fihica  In  which  they  ar«  distributed  an  para]3nBd,  and  tia 
hlood-wMdb  become  diUted.  The  moat  obimiI  cxp«riia«iit 
in  iUustnUioa  of  tbeao  fovto  ia  porfbnMd  by  ex|)oatB{  in  a 
rabbit  tlio  cervical  aymiuthetwi,  &mn  vhidi  ■nao-mabit 
brauchm  luv  giriui  to  the  blood>Tea»l»  of  the  head  and 
aack.  On  dividing  the  Dorre,  the  blood-veasda  of  the 
MUM)  side  are  paraljxed,  and  the  stream  of  blood,  now  ua- 
oontroUod.  dilate*  tliofn.  Tliu  efle(4  in  beat  aeen  in  the  enr, 
the  blood-raeaels  of  which  become  manifeetl;  larger  tlua 
thoeo  of  the  opiMeiie  side ;  while  the  part  becomes  redder 
and  w-urmer  (mm  tho  inereoaed  quantity  of  blood  idnni- 
ItttiDfi;  through  it.  On  gnlranixing  the  uppiT  divided 
estramit;  of  tlie  nerve,  the  muaoular  fibres  of  the  blood- 
TeaaeUnifpond  totliiintimHluit  lij  again  contrtiiTlin^,  and  tht 
parte  become  paler,  colder,  and  leee  aensitiro  than  natiuaL 
The  vaso-motot  nerv'ett  oriae  directly  from  the  Hympa- 
thetic.  Thua  the  blond-voaMla  of  the  head  and  neck  ai* 
supplied  by  bnuiche<s  froio  the  superior  c«rrical  ganglion, 
thoao  of  the  thorax  ttom  the  cerrieal  aud  upjtvr  denol 
ganglia,  tluwe  of  the  abdomen  chiefly  by  the  splanchnic 
nervee,  and  ao  forth.  But  it  is  now  generally  agreed,  irom 
the  resulte  of  exporimnnta  l>y  I.udmg  and  otlicn,  that  the 
principal  vaio-meUir  n^rN-emtrtr,  with  which  all  these  oertM 
tommtmicate,  and  by  which  their  action  ia  regulated,  it 
bituale  in  the  modtdla  oblongata — or,  in  otlww  wonla,  that 
the  vaaa>motor  fibres,  arising  &om  tbia  oerve-centrev  pan 
down  the  aiiinal  eoid,  and  iwiiittg  by  the  auteiior  roots  of 
the  Bpioal  nvrrce,  enter  the  various  ganglia  on  the  {ow- 
vettebral  cord  of  the  aympathetic,  and  theoce  reat^  their 
deatinatioii,  probiibly  titking  with  them  fibres  whiA  ariso 
in  tito  ganglia  through  which  they  paaa.  The  vaao-motor 
centre  in  the  medulla  appoon  to  liuro  n  regulating  power 
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iA»  whole  of  the  vaBO-motor  nerra;    but  it  ■eems 

ikely  that  other  sec'oiiduiy  viuio-ntotor  cenlje*  mny  oxist 

iu  gniijjUu  in  diitbroot  parU  of  the  body,  and  may  be  tlio 

I'CSDtm   by  which,    under   onlinaiy   cinTumMoncM,   tmo- 

notor  (-haugvct  un  TOjj:ulal«d  in  the  territory  is  which  th«y 

The  Tsao-motor  nerre-centree  luro  not  only  centres  from 
:h  iutlueucea  nre  directly  tr&Dsmitted  to  the  blood- 
la,  but,  like  other  nervo-wntrea,  amy  bo  tliu  mouns  by 
which  imitulses  are  rejUcied  (p.  486).  And  reflex  actions 
ooour  iu  coimectioa  with  the  oiusculikr  fibrea  of  blood-vee- 
Belli,  M  with  those  of  the  volimturj-  muiflrat.   Such  rtiflofUid 

ipnaaions  muy  Iciul  either  to  confroctron  or  to  dUaUaion 
of  blood-vcMels ;  or,  in  otlier  words,  ttie  action  may  bo  «wt(a- 
voio-vtolOT,  or  naito-inkihiUiry.  Tlio  moct  remarkable 
iiutanoe  at  pnwoiit  known  of  a  nerre,  the  stimulation  of 
which  toads  by  reflex  action  through  tha  vuAO-molor  centre 
in  the  medulU  oblongntn,  to  dilatation  of  blood -voiumls, 
is  the  <3i.'prv«sor  branch  of  the  vagus  (p.  563) ;  but  eimilar 
nii'ects  have  boun  obsurved  in  a  loES  degree,  ou  Htiinulating 
other  nfToriTnt  spinal  nerves." 

It  ia,  of  course,  very  dilUcult  to  dutennine  the  relative 
share  exerdsud  by  the  true  sympatlictiu  and  Uici  onliuary 
oerebro-spiiiol  fibres  in  the  contracdou  of  blood-vtvads, 
and  in  the  goaeral  proceaaeB  of  nutrition  and  ewi-i-tton, 
■inco  both  kinda  of  fibres  appear  to  be  distributed  to  tnost 
puts,  and  tliero  seema  to  be  no  patsibility  of  isolating 
ihem.  Probably  the  nnfnst  view  of  the  question  ut  present 
a,  still  to  regard  all  th(>  processes  of  organic  life,  iu 
man,  as  liable  to  tho  conibin«d  iuQueucos  of  the  cere- 
bro-spinal  and  the  sympathetic  systems ;  to  consider  tliat 
thoee  influences  may  be  so  I'oinbined  aa  that  the  sympo- 


*  Fw  aa  sitminbls  RniBm«rr  otirtist  it  at  prMtntknowa  rtganUng 
Ihs  loDcrvatiua  of  th*  Heart  siid  Blood- vmsbIs.  ««•  iLDCtum  \ij  Dr. 
Katborfonl,  in  tlio  "Lauoet,"  D«c«iuber  161I),  1S71,  auil  Juiusry  aot 
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thvtia  lurms  oihI  guiglia  maj  Iw  in  mu,  us  in  tlie  ] 
«"i ""■'■.  the  parts  tlmnigh  vfaidt  (he  otdinaty  and  i 
influflnce  of  Ttnrvous  fore*  it  «Mrciaed  od  (he  ctpuD 
proetnes;  irhilo  the  eea«bK>^dnal  nerrous  cenirM  m1 
Ihieir  frangUu  an  so  clotelj  eonnectoJ  with  th«  prcfw 
xympatholic  ganglin,  that  noither  of  them  can  be  said  te 
be  indepeodent  of  the  other ;  eadi,  aa  a  rule,  and  nufar 
ordinary  circttmiitnjiccit,  gnvnming  ita  own  domaiD,  tnt 
aliraji  liable  to  be  iailiienced  bj-  the  other. 


CHAPTER  X^TI. 

CAriEs  kXD  ranxoKKxi  or  hctios. 

Tni!  most  oridntit  vitat  motions  obaerrahlo  id  the  bodSw 
of  oninuLls,  are  performed  in  one  or  o(her  of  the  foQoirtiis 
wajv :  fir«t:  bj  means  of  the  oaciUatoiy  motion  or  ribratioa 
»f  mi(-roiu>opio  cHiu,  witli  vhicli  tho  wirfnom  of  certiii 
membranes  are  beset ;  and  secoiidl}-,  hy  the  contrartioB  of 
fibree  which  either  have  a  longitudinal  dirMtJan  and  an 
fixed  at  both  ^ixtrcmitiri*,  or  form  cimilar  bands :  the  con- 
traction or  sbortirning  of  the  fibres  bringing  the  poiia  to 
which  they  are  fixed  nearer  to  eodi  other,  lliere  are, 
bntidea,  Tariouit  molMulivr  moremcDle  allied  to  thoee  which 
need  not  bero  bo  contddered. 

CII.UnY    UOTIOX. 

^iftry  motion  conaists  in  the  incessant  vil>ratioD  of  finev 
pellucid,  blunt  proueoaes,  about  ipAv  °^  '^  i°^'>  ioog, 
(ermetl  cilia  (figs.  153,  154),  situated  on  the  &ee  cxtrami- 
tiee  of  the  cells  of  epithelium  covering  eortoia  eurficee  of 
the  body. 

Tho  distribution  and  etmcture  of  ctUaij  tt|)itbelinin 
and  the  microscopic  appenroncoi  of  cilia  is  motion  have 
been  already  described  (p.  33). 
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Ciliary  motion  seems  to  be  alike  intlcpcmlont  of  the 
will,  of  tlu)  direct  ioilueaoe  of  the  nerrooB  a7St«in,  and  of 
inusoular  contraoticia,  fur  it  ut  inToluatuy ;  tbeia  is  no 
xunroas  or  muBcuIor  tiwuo  in  tbe  itnmediato  neigbbour- 
hood  of  tho  cilin,  and  it  coatlnaes  for  severiJ  hours  after 
death  or  remoral  bom  tho  bod}',  jirovided  tbd  portion  of 
tiesuo  imdor  cxumiuation  be  kept  moist.  Its  iinWpeiidcitM! 
of  the  nervous  system  is  sliowu  also  in  its  occurrence  in 

Aff.  153."  P-f-  "S4-t 


tho  lowest  umrtebnt»  imimalfl  apparently  unprovided 
with  anything asalogons  to  a  nervous  sysivm,  in  its  per- 
sialencc  in  animals  killed  by  pnisoic  acdd,  by  niinv)tio  or 
other  poisons,  and  oilor  the  direct  application  of  nar- 
cotics to  the  ciliary  surfece,  or  the  discharge  of  a  Lcj-dou 
jar,  or  of  a  galviiniu  shock  tliroiigli  it,  Tho  vapour  of 
fihlMOform  arrests  the  motion ;  but  it  is  renewed  on  the 
>4MeitInuaac«  of  the  application  (Liirtvr].  AcLording  to 
Kuhn«,  tho  moreineut  censes  ia  an  atmosphere  deprived 
of  O^^geo,  bnt  is  revived  on  the  admiasiou  of  this  gas. 
Carbonic  acid  stops  the  movement.  Tho  contact  of  rurious 
■abataocM  will  stop  tho  motion  altogether ;  but  this  seems 
to  dei>end  chiefly  on  destruction  of  tho  delicate  substanoe 
of  which  the  cilia  are  composed. 

Little    or  nothing  is  kiio\vn   with    certainty  regarding 
the  nature  of  ciliurj  action.     As  Dr.  Sluirii<.-y  olwervu. 


*  tig.  153.     SphoTMdal  dliatoi]  cclli  Ifdju  Uiu  mouth  of  tbe  bog  i 
BspiUUd  300  dismctsn  (Shnriwy). 

t  Flfr     IS4.    Culiwiiwr  dliiitcd  vpitlirljcm  rdts  from  the  human 
I  rnxDiitifiiit  i  av/LgfuSni  300  duuuotcrs  (Shnrpc^), 
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hoverrer,  it  u  a  qioclal  numlfiwtation  of  &  nmilKr  jn- 
fettj  to  Ifaat  hj  which  tlia  other  motions  of  animalfl  an 
effoctcd  Dnm«lj,  hjt  wliut  w«  term  vital  eontraetUUi/.  Hut 
fact  of  the  more  evidont  moTMiuiiits  of  tho  larger  tmiiub 
bedn^  elFected  bj  a  stroctore  apporcDti;  diflerent  ftoM 
t3iat  of  cilia,  is  no  ar^nu>]«at  a^nat  aucb  *  rappostioa. 
For,  if  vro  coDHidor  tbo  mattar,  it  wiU  be  plain  thnl  otu 
pT«-jiidic««  against  adnutting  a  telatiooahip  to  exist  between 
tlio  tu-o  Blruoturen,  muaelea  end  cilta,  reata  on  no  dcfiattn 
ground ;  nnd  for  iho  «impIo  renson,  that  we  know  so  Etib 
of  the  manner  of  producticm  of  move«neDt  in  either  OMe. 
Tlid  incro  diftitroiico  of  Hfracttiro  in  Dot  an  ai^gumeot  ia 
point ;  neither  is  the  pFeeence  or  absence  of  nervea.  The 
uoveinenta  of  both  muscl«a  and  <ulia  am  manifovtotiou  a( 
forc«,  \<y  <^Ttaia  qiecisl  atructuros,  which  we  call  respec- 
tively muacica  and  cilia.  Wo  know  nothing  moro  abont  the 
means  bj  which  die  mamfesttation  ia  eSbctod  bjr  one  of 
tltiMH)  atructurca  Utau  ))y  tli»  other ;  and  the  mere  fact  that 
one  has  nerves  nnd  the  other  hag  not,  is  no  toore  atpinuat 
against  ciUa  having  what  we  call  a  vital  power  of  contrac- 
tion, than  tlie  prtweuco  or  abscmiic  of  stripes  from.  Toluotai7 
or  inroluDtary  tnusclee  respeodvelr,  ia  an  arguioent  fbr 
or  agaitiHt  the  contrattion  of  one  of  tltnm  being  vital  sad 
tlio  other  not  eo.  Inasmuch  Ibon  as  cilia  are  found  ia 
living  structures  only,  and  inasmuch  as  thej  are  a  means 
wliiinvliy  for('«  is  triuitU()na«d  (ihh:  Chap.  II.),  their  peculiar 
properties  have  as  much  right  to  be  invEBted  with  the 
tana  vital  aa  have  thoaa  of  muscular  fibres.  The  tern 
may  bo  in  both  ia«tanc<:s  n  bod  one, — it  certainly  is  an 
uneatiefactoty  one, — but  it  is  as  good  for  one  case  as  tb* 
other. 

MSscnLaa  motiox. 

There  are  two  diief  kinds  of  muscular  tissue,  the  Mriptd, 
and  the  plain  or  utuiriptil,  and  tlicy  aro  distinguished  by 
eti-uctuTiil  peculiarities  and  mode  of  attiou.  The  striped 
form  of  muscular  libre  is  sometimes  called  valuntarif  muiclG, 
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because  all  mtudefl  under  the  control  of  tlu)  will  nn  oon- 
Btnictod  of  it.  Tho  plitin  or  iiii»triped  variety  is  often 
tamed  inn>luntarg,  because  it  alone  U  found  in  tliv  givator 
tramber  of  tlio  muscles  over  vbich  the  will  hu  no  powtr. 
The  invotuutATv  or  luutripod  muscles  ate  made  up, 
according  to  KuUiker,  of  elongated,  Hptndls-ahapcd,  nu- 
ch»tod  fhrt-etlU  (fig.  155),  wMch  in  their  most  porfoct 
form  ore  flat,  from  about  tVo-b  *<>  tsW  ^^  "^  ^^^  broad, 
und  about  -^^  to  ^^  of  sn  inch  in  length, — very  d«ar, 
gnsuW,  and  brittle,  to  that  whnn  thoj-  bmak,  tlwy  oft«n 
have  abruptly  rounded  or  square  estiemitiee.     Eacb  libre- 


Fij.  isj.' 


Fig.  istt 


odl  possoases  an  clongntod  nucleus,  and  many  aro  marked 
along  the  middle,  or,  more  rarely,  along  one  of  the  cdg^s. 


*  Tig.  \%%.  MustuUt  libro-eclli  froin  bunun  utarSu,  nutgniflid 
35a  diainvtim  (EdUikcr).  a,  natutal'  >tato ;  b,  trokttd  with  tcntJo 
Mid. 

t  Fift.  i;^.  Plain  miiBiTulnr  fitftet  ttvai  ihn  huniBD  bliutiUr,  mag- 
nM*A  150  iliniiiatcn.  a,  ia  tlieir  natural  tUlt;  t,  Ir«at«U  wiUi  oMtis 
acid  to  thuw  tli«  uuclui. 
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either  lir  a  fiiMt  coctinwnw  Aiak  •tre«lc,  or  ^yy  du»t  bo- 
1atc<l  durk  lines,  or  hy  6uxk  points  arranged  in  •  low,  or 
scnttrmd.  Thn«c  filiro-c«Ua,  bj  llwir  unioo,  form  JAm 
and  biindln*  of  fihn»  (tig.  Ijd).  Tbo  fibres  Itaro  no 
dtslinct  eheath. 

TImi  itbrow  of  iiiroluntaiy  muadv,  *uc}]  as  an  txre 
JMcribcd,  form  tbo  proper  muscnlar  coats  of  tk» 
digcetivo  canal  from  tha  middle  ot  the  oeeophi^^  t» 
till)  inienial  uphinctcr  oni,  of  tbo  umtcrs  and  mamij 
bladder,  tlie  trachea  and  bronohi,  the  ducto  oi  giaoiM, 
the  gall-bladder,  the  mdoulas  acminalea,  the  pregnoBl 
uteruH,  of  bloud-reasels  and  IjmpbnticR,  the  iris,  and  mmt 
othar  parts. 

This  form  of  tissue  also  enters  largely  into  tho  compo- 
»ition  i)f  thu  tiiiiica  dnrtos,  and  !h  the  principal  <wi8e  of 
the  VTUikliDg  and  contraction  of  the  scrotum  on  expoaure 
lo  eold.  The  fibres  of  the  cremastcr  aaKiMl  in  noinv  ni«uun< 
in  prodiiinDg  this  cflcct,  but  tlioj^  nro  chieilj-  concerned  in 
drawing  up  the  testis  and  iu  coverings  towards  tli<^  inguinal 
opeuing.  Unslripod  muacular  titane  occurs  largely  altF> 
Fig.  i;;.*  to  the    cutis   (p.  421), 

being  cspodallj  abia- 
ilant  at  the  interepoce* 
betweeo  tlie  bases  of 
the  pnpilho.  IIodm, 
when  it  <iointr«cte  under 
tlie  iufliience  of  ooU, 
foar,  electricity,  or  any 
other  stimulus,  tb» 
papUIro  or«  mado  u- 
usually  prominent,  and  gira  rise  to  the  peculiar  ron^- 


•  Fift.  rS7.  PerpenJieulor  leotion  through  tlie  sc^lp.  with  two  h«ir- 
•Ms;  /t,  qiiilnmis:  b,   aatit,  c,  muBclai   of  th«  hui-foliidea  (aAcr 
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nms  of  the  akm  termed  aait  anMruio,  or  gix>»o-»kin.  It 
oocim  oUo  ID  tli«  auperfu'iol  portion  of  the  cutis,  ta  all 
parti  vrhero  hitin  occur,  in  the  form  of  flattvued  ruuAdisli 
buadlcs,  which  li«  Alon;;;aii!a  the  lutir-fullitlea  iind  iwbacoouH 
glondit.  'Ihey  |mm  ot>Iiquclji'  from  without  inwards,  em- 
brace tiu)  Bebac«ous  glAods,  and  are  attached  to  tlio  luur 
IbUicleti  near  tlimr  buae  (fig.  157). 

To  thin  kind  of  ntuscuhir  fibre  tlio  term  oryanu  \a  often 
■ppUod,  from  the  fact  that  it  enters  eapeeiiUIy  into  the 
ootutniction  of  nuch  \mns  on  arc  oonceruDil  in  what  hM  been 
called  organic  life  (see  note,  p.  464]. 

The  musdes  of  animal  life,  or  Uriped  muaclee,  inclwle  the 
whole  cJass  of  xmluntary  muscloM,  the  htart,  and  those 
luiiKles  neither  comploColy  voluntnry  nor  ioToluntory,  which 
form  part  of  tlie  walls  of  the  pharynx,  and  exutt  ia  mauj 
other  parts  of  the  body,  p^    ^  g  , 

as  the  ialemal  ear,  ure- 
thra, ete.  All  these 
mnaclM  are  composed 
of  fleshy  bundles  called 

Jatckuli,     mcloMMl     in  ^^j|^flE^^fcc\    \'^\ 

oovenngs  of  fibro-cellu-  TP^^^^>^^^       ^W 

lar  tiuuu,  by  which  ooclt 
is  at  once  conaected 
with,  and  isolatod  from, 

thoM  adjacent  to  it  (fig.  158].  Each  bundle  is  again 
divided  into  nnntler  ones,  similarly  enshenthed  and  Himt> 
larly  divisible ;  and  so  on,  through  an  uncertain  number 
of  gradations,  till  one  arriTes  at  the  primitite  fosoicuU,  or 
the  muscular  yU-rM  peculiarly  so  colled. 


•  Fig.   158.   A  nniill  iwrtioo  of  maKlc,  nutunil  lin.  conaistin);  if 
latter  and  nniiUur  fuciculi,  100a  in  a  tTanavsnis  soction,  and  tbc  Mtiio 
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of  d«lJe«t«  stiuetindEM  membrane,  G*I1od  thn  «irrr»(nMw, 
eookwiiig  a  number  of  filomnnto   or  fihriU.     Tiitff  m 

cj'lindriroina  or  jmamatir, 
wiUi  five  or  more  aidn, 
iiccording  to  Uie  manner  in 
whicli  th«7  am  oomprtMtd 
\iy  adjaoent  fibne.  Tbtir 
Kvengo  diuneter  !>  &1>aat 
■^^  <d'  nn  inch,  and  their  Icagtli  vanet  oxceods  an  iwl 
•nd  A  half. 

Each  niuscolar  fibre  is  tbuit  constructed : — Extnaall; 
^      ^^  .  is  a  fino,  transittreDt,  rtnc- 

turaleea  membnoa,  oalM 
tb«  MfvoltfiRiiwi,  wbidi  la 
tho  form  of  a  tubular  in> 
VMting  sheath  forms  thn 
otit«r  wall  of  the  fibre,  oiA 
is  filled  by  tbe  cootnctik 
matesial  of  which  the  fbn 
is  diiefly  made  up.  Some- 
tiBMe,  from  its  rotDparaciT* 
toti^liDCM,  the  BOTcoIemiiu 
will  remain  unlom,  wluk 
hy  exten^on  the  containiil 
port  can  be  broken  (fig; 
159}.  nod  itit  proMoce  w 
in  this  way  best  demonstrsted.  Tlie  fibree,  wltich  an 
o.vlindriform  or  prinuatic,  with  nn  atenga  diameUr  of 
about  ,^  of  ail  inch,  ore  of  a  pale  yellow  ooloor,  anil 
apparently  marked  by  fine  atiitt*,  vrbich  pass  transrerseiv 


*  Fiff.  15Ql  Muxmlu  tthro  torn  mt««  ;  llie  aueoUnnu  itiQ  om- 
nectbfc  Um  tm  parU  of  Iho  fibn  (ftfter  Tojd  suil  BovnuDi). 

t  T\g.  16a.  A  f«w  inniwaliir  Ghrm,  bmof;  pure  of  a  BDiall  fiuetenltH, 
hi|;hlr  mnenilird,  allowing  thu  tran>TEm  ttriK.  a,  «nd  Tie>  of  t|  t|, 
Ltm  1  t,  j>  Giro  *|ilit  into  its  fibiib  («ft<r  Suu-pej). 
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Tmmj  iht^m,  £o  slightlj*  carved  or  vholly  parallel  Unee. 
Odi«r,  but  generally  mow  obiicuni  atxiifi,  also  pass 
lon^tudinnllir  ovdt  tho  tubes,  and  indicsto  tho  direction 
of  the  filamente  or  primitive  _fibnU  of  whiok  tlie  Bubstant^ 
of  BMsbjUfre  IB  composed  (fig.  l6o]. 

Tho  whole  Babsbmce  of  the  fibre  contained  within  the 
aaroolemma  may  he  thua  auppoaod  to  he  c<anHlnict«d  ofj 
loi^^itudiiud  fihrilN — a  bimille  of  fiiiriU  eunounded  by  the 
UTOolemma  constituting  ajihrt. 

Fi'j.  i6i.* 


Tliero  is  still  some  doubt  reg;arding  the  nature  of  the 
fibrils.  Fuch  of  thera  appears  to  he  <!onipo«ed  of  u  mngln 
row  of  minute  dark  quadrongidar  particles  called  sarcooa 

*  Fitc,   lAi.  \.   Pinion  of*  inmliniD'iiMd  hiimnn  niiuniilar  tibre,,! 
nui^idvil  nwrly  800  ilialiHrW™.     U.  SirforaltHbun'tUjiaf  Jilmlt*t\\\i^'i 
magnified  1  a,  a,  Inrsc-r.  and  h.  b,  siiiiltfr  aollvctiona  1  c.  alill  nnoUv  | 
it,  d,  thp  tmillcot  wiiirli  could  bo  dtinehcd,  potnbly  r«pieMntijig  a 
unjtlo  Rcrtcs  of  NU'tun*  (laETicatil  (after  £>It«r{icf). 
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dannnto,  Thicb  an  sepanted  from  Mdi  other  by  a  bri^ 
^HHjo  fitrnwd  of  a  polludd  •abstance  oontiiiuoiu  vith 
then.  A  fine  eUeok  con  be  Bometimfis  diaiwmed  punif 
uenm  tho  bright  uiterr^  WtwocD  tbo  •orcotu  «lc> 
Dr.  Sharpey  believes  that,  ereo  in  «  fibril  so 
the  dltimute  anatomical  clemeiiit  of  the  fibn  haa  not  I 
isolated.  U»  beliovos  that  each  fibril  vitk 
aaioous  elemenia  ta  ooinpoaed  of  a  auniber  of  other 
still  finer,  bo  that  the  earDOua  deraeot  of  an  ultimate  fibril 
would  1)0  not  quadrangidar  but  a*  a  Btnak,  and  ths  daifc 
tranarerse  streak  on  the  bright  space  but  a  row  of  dots.  lo 
either  case  the  appearance  of  atnation  in  tlio  whole  lilm 
would  be  produced  by  the  urangODMrDt,  side  by  side,  of  tlie 
dark  and  light  portiooB  respectively  of  the  fibrils  {6g.  t6l). 
Although  eiu'li  muatulAr  fibro  luiiy  bo  considered  to  ba 
formed  of  a  number  of  longitudinal  fibrils,  arranged  alda 
by  (tide,  it  ia  alao  true  that  tliey  ore  not  natnroUy  eopoaU 
{rotn  each  other,  there  being  Intorol  coheaon,  if  not  fitdoo, 
of  t<uch  sarooua  element  with  tboie  artMind  and  in  contact 
with  it ;  so  tliut  tt  hjigijxmit  that  there  is  a  tendency  for  a 
Ftf.  i6i.*  ^bre  to  Bplit,  not  only  into  separate  fibril*, 
but  also  occiuiioiially  into  plntoe  or  ditkt, 
oach  of  wliich  is  composed  of  8an»its  ele- 
ments lain-ally  adliennit  one  to  «»oth«T. 

Tho  muxculiir  tibn>it  of  tbo  hearty  althoo;^ 
atripnd  and  resembling  closely  those  uf  thx 
voluntary  muscles  in  their  geiicnil  stnLc4ui«, 
present  tliene  diAtinrtioiis  : — They  are  finer 
and  more  faintly  striated,  they  brunch  and 
anastomose  one  with  another,  and  no  i 
lemma  uaa  bo  usually  discetned  (fig  162). 
The  vciluntfliy  muscles  are  fredy  sujipliMl  with  blood- 
Tees^;  the  caiuUaiiee  form  a  network  with  oblong  inAih«s 


*  Fig,  i6x.  MuscuI>rfibrMA\itn  tlie  heart.  in*j!uiS«il,  iliatriiif  (hot 
CToii-ttriw,  iJIfiEious  mill  Junctiout  (tjuiu  Eoiltlcei). 
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around  tbo  fibt«s  on  th«  mitoide   of   the   earcolemm*. 

No  VMtcLt  poDctr&te  tbe  sarcoleiuma  to  vuUr  tlio  iatcriM' 

«f  ^  fibre. 
I     NfvTW  olso  sm  mppliod  fnf\y  to  mtucles;  the  toIuq- 

taiy  mtudee  reoeivinp:  chiefly  ntrrox  from  th«  rerebro- 

ai>itial  nyttaa,  and  tim  nnstripi.'d  muscles  from  iho  tma- 
I  pathetic  or  ganglioDic  system. 

Fropertiti  of  Muscular  Tmut. 

Tho  propnrty  of  mosculat  (issue,  hy  which  its  peculiar 

fhnctious    nra   exercised,    b   ita    contractilitj,    which,    In 

the  cootTBction  or  shorteniiLg  of  muscle,  is  excited  by  all 

of  atimuU,  a])i>Ued  either  diitfctly  to  the  muMles,  or 

y  to  Oitfia  through  the  mediuuk  of  their  motor 

This  property,  although  commoiily  brought  into 

through  the  ii«rvous  system,  ie  inhirroiit  in  the  mue* 

tissue.     For — lit,  it  may  be  mauif^ted  iu  a  muscle 

li  if.  iwlntjrd  from  the  iuflu<TD(.«  of  the  nervous  eyst«m 

dtTlflioa  of  the  nerves  supplying  it,  so  lon^  as  tlie  natural 

of  tho  muscle  is  duly  uourinhtKl ;  and   Sndii/,  it  Is 

mottiCwt  in  a  portion  of  nmst-ulor  fibre,  in  which,  under 

tho  miorosoope,  no  nerve-fibre  can  be  traced. 

If  the  TOmoral  of  nervous  iuiluciu^i  ho  long  continued, 
U  1^  division  of  tho  uorro  Ripplyiog  a  muscle,  or  in  casen 
of  paralj-sis  of  long-standing,  tlio  irritability,  i.e.,  the 
power  of  botlt  pcn-t-iving  aod  rwponding  to  a  stimulus, 
may  bo  lost ;  but  ]>robably  this  is  obiefiy  due  to  tho 
impaired  nutriliuu  of  tlio  muscular  tiMUO,  whicih  ensues 
through  its  inaction  (J.  Iteid).  I'he  irritability  of  muscleN 
is  alno  of  course  soon  lost,  unless  a  aupjdy  of  arterial  blood 
to  thorn  in  kept  up.  TIiuh,  after  lignturo  of  tlio  main 
arterial  trunk  of  a  limb,  the  power  of  moving  tho  muscles 
ia  parliidly  or  wholly  lost,  until  the  uoltiitLTal  (Jirculation  is 
eatabUehe<t ;  and  wheu,  in  animals,  tho  abdominal  aorta  is 
tiod,  tlie  hind  legs  are  rendered  almost  powerless  (SegoUs). 
So,  also,  it  is  to  the  imperfect  supply  of  artorial  blood  to 
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ibc  muimilAr  tissue  of  the  heart,  (hat  (be  ceesation  nf  the 
action  of  tliu  otigaii  in  asphjzia  is  ia  Mme  ffleason  due 

(^  230- 

IJeudes  the  jwopetty  of  oontracKli^,  iho  imiKiliBit  Mpt- 
ciallj  th«  Oriittad  or  Uumo  of  aiiaiud  life,  poaaoaa  aauibiLt}' 
by  meaiu  of  tho  aensitiTS  n«iTO-fil»Qe  distribute  U>  tlum. 
lift  unotmt  of  oonuncm  senaibili^  in  muscles  is  not  gCMt; 
for  they  may  be  cut  or  pridcvd  witliout  giring  riae  to 
severe  pain,  at  lout  in  thoir  healthy  cooditioD.  But  the; 
have  a  peculiar  sensibility,  or  at  least  a  perulinr  niojifi- 
flatton  of  common  iwnsibility,  whicli  is  Hhovm  in  that  iheii 
nervM  con  commaiucntfl  to  the  miod  an  Etcruiate  knoirlcdp 
of  thmr  states  and  poiiitions  wlivn  in  action.  By  this  Mut- 
lulity,  we  are  not  only  miiilu  coiiMiouH  of  the  morbid  seut- 
tione  of  btiguo  and  cramp  in  muscles,  but  acquire,  llnoi^ 
tnnsonlar  actioa,  a  knowledge  of  the  distance  of  bodies  ui 
their  rolntioii  t»  crtch  othor,  and  aru  Miublcd  to  eatimaia  Mid 
compare  their  weight  and  rt^istance  by  tho  effort  of  v)dA 
wo  are  conscious  in  meafiuriag,  moving,  or  raising  Ihsm. 
Except  wiUi  KQch  knowledge  of  the  ]^MMdtioii  and  Htale  of 
each  muecle,  we  could  not  toll  bow  or  when  to  more  it  tor 
may  required  action ;  nor  witlioiit  *uch  a  sensation  of  cdtnt 
muld  wo  mnintun  the  muscles  in  contraction  for  any  |in>- 
loiiged  exertion. 

The  modt  of  etmtraction  in  thn  tmnKraniGly -striated  mill- 
cidar  tissue,  has  been  much  disputed.  Tho  most  prohabla 
nccount,  which  has  been  estpMially  illuiilrated  by  Sir. 
Bowman,  is  that  tho  contraction  ia  offoctod  by  uii  bppron- 
mation  of  tlie  constituent  parts  of  the  fibrils,  which,  at  Utt 
instant  of  i^nntrai^tion,  withuul  any  alUvaliou  in  thsir 
general  direction,  become  closer,  flatter,  and  wider ;  a  ceo- 
ditioQ  which  is  rendered  evident  by  the  approsimotioo  of 
the  troDsrerso  utriio  seen  on  the  stirfnco  of  the  fa^icuhis, 
nnd  by  its  increased  breadlh  and  thickness.  Tlio  ni^)enr- 
iitice  of  the  xigmg  lines  into  which  it  was  supposed  the 
fibres  are  thrown  in  contraction,  is  due  to  tho  iclaxatioii  of 
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fibre  whiuh  baa  been  rei.«ntly  conlnuibid,  and  ts  not  at 
ouoe  sttwtchad  again  by  some  imtagonist  fibre,  or  vltoao 
extremities  are  kept  doee  together  by  tlm  cDDtnu-tions  of 
otber  fibn'N.  Tltu  conlmction  is  tboreforo  a  limple,  and. 
aoconUni^  to  Kd.  Weber,  sn  uniform,  simnltaiieous,  aiul 
steady  fchorteoin^  of  each  fibre  aiid  itn  coiit«Dte.  What 
eadi  libril  or  fibre  \t»o»  in  Itmgih,  it  gains  in  thickness: 
the  contraction  is  &  rhnnge  of  form  not  of  sJKe;  it  iit,  tliVTi)- 
fim,  not  attnided  irith  auy  diminution  in  bulk,  from  cod- 
denaatiDn  of  tho  tiMuo.  Thin  btu  licnn  proved  for  entire 
moacles,  by  makiiig  a  mass  of  muscle,  or  many  fibres  to- 
gether, contract  in  a  vemel  full  of  water,  with  which  a  fine, 
]>eri)endi<:iilar,  graduated  tube  communicates.  Any  dimi- 
nution of  tti«  bulk  of  tlio  coiitrattiii^  niuwje  would  be 
attended  by  a  fall  of  fiuid  in  tho  tube ;  but  when  the  ex- 
periment is  carefully  performed,  the  level  of  the  wuler  in 
tho  tube  remaius  the  same,  whether  tho  mttsdo  bo  coil- 
tnoted  or  not.* 

In  thus  shortening,  musdea  appear  lo  nrdl  np,  Itocnm- 
ing  rounder,  more  prominent,  harder,  and  apparently 
touglier.  But  this  hardness  of  muscle  in  the  state  of  con- 
[  tnwtiqat  is  not  due  bo  Increased  firmnem  or  ooiidiioMttion  of 
fHw  mmnlv  tiasue,  but  to  the  increased  tension  to  whioh 
tlie  fibres,  as  well  as  their  tendons  and  other  tiwoM^  ate 
Bubj«cted  t'nim  the  resistance  ordiiinrily  opposed  to  their 
contraction.  When  no  re^istanoo  is  offered, ,  as  when  n 
muM-Je  i.i  ( ut  off  from  its  tendon,  not  only  is  no  hardiu-as 
p«rcoivod  iliiring  contractioD,  but  the  muinilar  tissue  is 
sven  softer,  moTO  extensile,  and  less  elastic  than  in  ila 
ordinary  uncoulracted  stal«  [Ed.  Weber). 

Umt  is  dcvi-Iopi'd  in  tho  LontraL'tion  of  museW  Beo- 
qucrel  and  Brescliet  found,    with  the  thermo.multiplicr. 


•  Edwiipl  WfiW,  howoviT.  slnle»  tliol  a  very  slidlit  diiainatian  d*c* 
ttkepUct  iu  tint  bulk  ofaroulrnctingmiisde;  liut  it  laMstiKht  ulo 
be  pncUcaUy  of  ao  wuincat. 
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about  ■"of  heat  prodnoed  hy  eidi  finable  contnctioiB of 
u  man's  bicnpN;  and  when  tfa«  acdoos  irMv  long  oontiiiaid, 
tho  temperature  of  the  muscle  inoeased  2°.  II  ia  dm 
Iedowh  wh«th«r  thid  derolopnMnt  of  heat  ij  dua  to  cfaanu- 
0*1  dton^iM  ensuing  in  tho  ntoade,  or  to  the  friction  of  itt 
dhnn  rigoroosly  acting :  in  either  ease,  we  maj  refer  to  it 
a  IMirt  of  tho  heat  develoiied  in  octiTi:  oxort3«o  (p.  233). 
.Viitt  Nusao  suapocta  that  to  it  is  due  the  higher  tianpcfv 
Cure  of  tho  blood  in  the  left  notrido ;  &r  he  aajrs  thai 
tliifl  duid  ia  idwajs  warmer  in  tho  left  Tootrkle  than  in  tht 
left  auricle,  and  that  the  blood  in  the  latter  le  bnt  litds 
wanner  than  that  on  thi.^  right  uijo  of  tho  heart.  Bat  theae 
ezperimenta  need  conlirmatian. 

Sound  i*  Haid  to  be  produced  when  moscloe  oontract  br- 
cibly.  Dr.  WolltutoQ  showed  that  this  sound  might  faa 
eanly  heiard  bj  placing  the  tip  of  tlw  llttlo  finger  in  tb» 
ear,  and  then  making  some  muiclea  contract,  as  (hose  of 
the  ball  of  the  thumb,  whose  sound  majr  be  oondncted  to 
the  ear  tlirough  the  eubataneo  of  the  hand  and  finger. 
A  low  shaking  or  rumbling  souad  is  heard,  the  he^;fat 
ttod  loudness  of  the  note  being  in  direct  pn^ortwo 
the  force  end  quidcness  of  the  muscular  aotioo, 
to  the  number  of  fibrce  that  act  together,  or,  as  it  wore, 
in  time. 

Tba  two  kinds  of  fibres,  tlie  striped  and  un!itri|>ed,  liars 
eharactoristic  dilloronoos  in  the  modo  id  whic-h  th^  act  m 
the  apptication  of  the  same  stimulus;  differences  which 
may  be  a«chbed  in  great  part  to  their  leepectiTO  diflereoces 
of  structure,  but  to  eome  degree  possibly,  to  their  respec- 
tive modes  of  coanection  with  the  uerroos  STstem.  ^Vben 
irritation  U  applied  directly  to  a  muscle  with  etnated 
filires,  or  to  the  motor  nerre  suppljing  it,  oontnction  eS 
the  part  irritated,  and  of  that  only,  ensure;  and  this 
OO&tractiou  is  iustantnnoous,  and  ceases  ou  the  inrtant 
of  wiUidrawing  the  irritation.  But^  wh«n  any  part  with 
unstriped  muscular  fibres,  t.g.,  the  inteatinea  or  bladder,  is 
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irritaU'<l,  the  ntWciasnt  contraction  enroea  more  ilovlj, 
WEtends  beyond  tlie  part  irritated,  and  with  alteraating 
nlsxstion,  ooiitiniua  f><r  moido  timi)  aft^r  tho  withdnval 
of  tho  irrit«tioQ.  EA.  Weber  particularly  illtistiated  th« 
differenoe  in  tho  ni&d««  of  cuntmctiun  of  the  two  kind*  of 
mawnlur  fibnts  by  the  offecta  of  the  doctro-iuagii«& 
atimulua.  Tlie  rapidly  §u(cM<iUiig  vbocka  giveu  by  this 
meanii  to  the  aem*  of  mtuicirs  oxdto  in  uU  tbo  tnni* 
msoly-stmted  nnudes  m  fixod  state  of  tetanic  cootntction, 
whicli  laata  as  long  as  the  stimuloa  is  coiitiuuvd,  and  nii 
ita  witlulrnwal  instnntly  oooms  :  but  in  thu  ediimIos  with 
mooth  fibres  thef  excite,  if  any  moTemenl,  only  one  that 
•OBUes  alon-ly,  is  oompamtiroly  nlight,  ult«matiM  with  rest, 
and  oootinaes  for  a  time  after  the  stimulus  is  withdntwn. 

In  their  mode  of  rvHpouding  to  theee  stimuli,  all  the 
voluntary  muscles,  or  those  with  tranarom  atria^  are 
alike;  but  amoufi:  those  with  plain  or  nnstriped  fibna 
dun  are  many  ditferencos, — a  fact  which  t«ndit  to  coufinn 
the  opinion  tliat  their  peculiarity  depends  as  well  on  their 
BamiMition  with  nerves  and  ganglia  aa  on  their  own 
pTopcrtiee.  Aooording  to  Weber,  the  ureters  and  gall> 
bladder  are  tho  parts  loaat  excited  by  stimuli:  tltey  do  not 
act  at  all  till  the  stimuliu  hwi  boon  long  applied,  and  then 
oontraot  feebly,  and  lo  a  small  extent.  The  coutraetiona 
of  the  cmnim  and  utontoch  lire  (|uick6r  and  wider-apread : 
still  quicker  thoeo  of  the  iris,  and  of  tho  urinarj-  bladder 
if  it  be  not  too  ML  The  adjons  of  the  small  ocd  largo 
intattin<«.  of  tho  tos  dvfi^rens,  nud  pregnant  uttriui,  are 
yet  more  livid,  more  regular,  and  more  sustained  1  and  they 
nquiro  no  more  stimulus  than  that  of  the  air  to  excite 
them.  Tho  heart  is  the  quickest  and  most  vigorous  of  all 
the  muscles  of  organic  life  in  contracting  upon  irritation, 
and  appears  in  tliis,  on  in  nearly  all  other  rtMipcrts,  to  bo 
tho  cuiinocting  member  of  the  two  classes  of  muscles. 

All  the  muades  retain  their  properly  of  oontroctiiig  us- 
der  the  influence  of  stimuli  nppBod  to  them  or  to  their 
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iierTM  for  Bome  time  after  deatli,  tbe  period  being  iaoga 
ill  cotd-liliXHlud  than  in  wanu-blooclvd  ^'erlnbnUB,  mA 
shorter  in  birds  tiuta  ia  Mammalia.  It  would  eeem  aalf 
ihe  more  active  (he  twpiratory  procem  ia  the  linmg  aoi* 
loid,  the  Hborter  ia  the  time  of  durutioa  of  tlw  irritabtEil7 
in  the  mueclea  after  doath ;  and  this  is  ooofirmed  bj  t^ 
comparltion  of  different  §{>eciefl  in  tlie  aame  onlor  of  Va- 
tobratu.  Hut  tliu  imriod  during  which  thia  tnitaUti^ 
latts,  is  not  tbo  eamo  in  nil  penona,  oor  in  all  the  maadei 
i>f  tho  same  puraons.  In  a  buui  it  i-oaaoa,  nccordiagto 
Nj'stvD,  ia  thu  fullgwiD^  order : — liivt  in  the  left  veaindt, 
then  in  the  intestines  and  stomach,  the  urinary  hlaiUa, 
ri^ht  ventricle,  uaofiliagus,  iri*;  tlion  in  tlio  volunioy 
muscles  of  ^e  trunk,  lon-er  and  upper  extmmltifis ;  lastly 
in  tlie  ri^bt  and  It'fl  auricle  of  the  heart. 

AA«r  tbe  mimclRi  of  tlio  dead  bodj*  hare  loat  their  irri- 
tability or  capability  of  bein^  excited  to  contraLttou  by  th» 
npjdication  of  a  stiinulua,  tlioy  tipuntanoousty  pass  into  a 
state  of  contraction,  apparently  identical  frith  that  whieh 
ensues  during  hie.*  It  aQiwts  all  tlie  muscles  of  tho  body; 
Bod,  where  external  eircumstanfxts  do  not  pr«Tent  it,  com- 
niffttly  fixes  the  limbs  in  tliat  which  is  thetr  natural  pustun 
of  oquilibrium  or  reat.  Ileaoe,  and  &om  the  nimultaaeoai 
contraction  of  all  the  mueclea  of  the  trunk,  is  produced  a 
g«ueral  irtiflening  of  the  body,  eenatitutlng  the  rigor  mertk 
or  poft-tnorltm  riffidity.f 

*  If^  kowcvffr,  artoml  bloixl  bo  nindc  to  dronUto  thrDD)[h  tlic  btilf 
or  tlirflttgh  nltmb,  the  post  taorum  mnUwtiinxcl  Hie  mutick*  ttni  la^ 
]ilicid  will)  Motnl,  may,  u  Dr.  Itromi-S^qiiartl  hu  tbinrii,  be  luspMiibd, 
aiiil  tlia  muKlcs  again  lulmit  oi  Quatnstiafi  on  Uiu  appiioatiau  of  a 
tilinicluB. 

t  It  iltoald  ht  ftaud  henv  liownrrr,  Ihxl  lh«  j^erally  nrotpt*!]  h- 
pIinat{onurth«trUtoof  tht  n)iiau1u«duriDR  rigor  tnorti),  aanid;,lWii 
imlustooonttacliuHurthu  llbrM.  lu  iii  strong  ai'licuidimiit{Iifii^  is dniied 
b}' lome  phjiioldguta,  who  nininuiin  iliat  thocauilitioDiif  Uutunncltau 
not  dtie  to  conlticllon  at  all,  but  is  raoMii  by  m  kind  of  conipUatiiM  of 
tlie  Inkr-fibrlltar  juicca.  TbU  Ulv*  biu  Iwcn  vl  l«to  MpcdaQy  top^ 
potted  by    r.  Bwm  (in*  Cambi  J.  of  Anat.  and  Phja.,  Part  I.J. 
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uusdM  an  not  uOected  exa^rtly  Rimultuicouiilf  ]>y 

^tht  poMi'moritm  fxnitxneium,  but  rnther  in  euoceanoD.     It 

Rifocis  the  neck  adA  lower  jaw  firet ;  next,  the  upper  er- 

tremilie*,  fixt«Dding  from  aiiove  downwonlji ;    urnl  lactlj, 

twwbe*  tho  lowwr  litnlw ;  in  some  niro  iostancos  only,  it 

affecta  the  lower   extremiUea   berore,   or  eimultaneoiuly 

wttli,  the  nppor  extninitiM.    It  usually  mmon  in  tho  order 

in  vhich  it  hf^aa ;  first  nt  th«  linsH,  then  in  tha  upper  ex- 

mmitiee,  and  lastly  in  the  lower  extremitiw.     Awording 

to  Sommfr,  it  novrr  cuinmencM  eariinr  thiin  t<^D  minute*, 

I  and  never  later  tluiii   tovon  hours,  after  death ;    and  its 

l.dunticm  t«    t>i^'at«r  in  proportion  to  the  lutL-waa    of   its 

anomoa.       According  to  KctiilTor,  and  others  bnvo    cod- 

fiiued   the    truth    of    his  observation,  heat  la  developed 

l.ditrm^  the  paasoge  of  a  muecular  fibre  into  the  coniiitiou 

|or  rigor  murtlo. 

Since    rigidity  docs  not  ensue  until  muscles  have  lost 

the  capacity  of  being  excited  by  external  atimuU,  it  follows 

that  all  rin-iinu-iluuciNi  which  uinm;  a  iijirocly  pxhuimtion  of 

muecular  irritabUi^,  induce    an    early  occurrenoe  of   the 

[rigidity,  while  oonditiouR  by  wluch  the  dimippitariuKio  of 

I  irritubility  is  delayed,  are  suooeeded  by  a  tardy  onset 

^tbis  rigidity-.      Hence  its  8])eedy  occunenoe,  and  e<iually 

speedy  departure  iu  the  hodieci  of  jwisunN  oxhnuKtcd  by 

^B  cfaiomic  disouo*;  and  it«  tardy  onset  and  long  oontinuaneo 

V*fter  sadden  death  from  aeuto  diseases.     In  some  caeea  <^ 

nuMou  doath  from  lightning,  liolent  injuries,  or  paroxynna 

»oC  pMUon,  rigor  ntonis  boa  been  naid  not  to  occur  at  all ; 
but  this  is  not  alwaj-s  the  cose.  It  may,  indeed,  be  doubled 
vhMbor  there  in  r«illy  a  completo  ab>Otioe  of  the  poit- 
mortem  rigidity  iu  any  such  cases;  for  the  experimenta  of 
M.  Brown-Sequard  with  electro-magnetism  niahe  it  pro- 
bable that  the  rigidity  may  mipcrviMio  imnKKliatuty  after 
death,  and  then  pass  away  with  such  rapidity  as  to  bo 
■carcely  obsen,'abIe.  Thus,  he  took  fire  rabbits,  and 
killed  them  by  removing  their  hearts.    In  tho  first,  ngidi^ 
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cane  on  in  lO  honra,  kbA  Uated  192  boun;  in  Ibe  aeoood, 
whiiih  vM  fiwUj  electrified,  it  cominenced  in  sevi>ii  hotin. 
iinil  luxled  144 ;  in  the  llurd,  which  was  more  aUoagij 
olevtritied,  it  came  on  in  two,  luxl  hutod  72  houzit ;  in  tlu) 
fourth,  which  was  still  more  strongly  «lectriGed.  it  cam* 
oil  in  OEM  hour,  dnd  Iftsted  20 ;  whll^  in  the  lost  rabbit, 
which  WM  submitt«d  to  *  poworfol  elMlro-gatTtinu]  oir- 
rant,  th«  rigiditj  ensued  in  e&vea  miant«6  after  death,  and 
passed  umy  in  25  taioutM.  Froia  this  Et  ap|)«an  that 
the  moie  powerful  the  electric  cuirmit.  tbo  soonn  dot* 
tfao  rigidity  ensue,  and  the  shmrtei'  is  ita  duration ;  and  ai 
tbo  lightning  shock  is  so  nutu^h  mote  ]x>norfu]  thou  soy 
ordinary  el«otri«  lUacbarge,  the  rigUity  may  ensue  m  ewty 
ttilet  death  aod  piL»  uwmy  m  rapidly  as  to  escape  detettioa. 
Th«  infiuence  exercised  upon  the  onset  and  doratioit  of 
post-iDDrloTii  rigidity  by  oauaes  whicb  exhaust  the  irritaliiltly 
of  the  muscles,  was  well  illustrated  in  further  expe 
by  the  same  j^y&iologiat,  in  which  he  found  that  the  '. 
niurti*  eniiucil  fiir  mom  rapidly,  and  last«cl  for  a  ahortv 
period  in  those  mtieclea  which  had  been  powerfully  eleo- 
trifled  ju>t  b(^fi>ro  Joutli  than  tu  tliusc  whicli  had  not  been 
thuN  ncli'il  u[ion. 

Tho  <iL'currence  of  rigor  mortis  is  not  prerontod  hj 
ihe  previuuH  exuiti!nci>  of  paralynia  in  a  part,  prorided  the 
piirnlytii^  hm  not  been  attended  with  very  imperfect  uutri* 
lioa  of  the  muscidar  tiiuue. 

Ilie  rigidity  nfTMi*  tho  invohintary  as  well  as  the  Tolun- 
tniy  muwles,  whether  they  be  constructed  of  striped  or 
unBtri|>od  fibres.  Tlie  ripdity  of  ioToluntary  musdea 
with  ntripod  filn^M  is  etiown  ia  tlie  contraction  of  the  heart 
after  death.  The  contraction  of  the  muades  with  un- 
striped  librea  ia  sliown  by  an  exiH>riiuont  of  Valeoiin.  who 
foutid  that  if  a  graduated  tube  connected  with  a  portion 
of  intestioe  taken  from  a  recently-slain  animal,  1k>  filled 
with  ivalcr,  and  Uvd  at  tiie  ojipoHitu  und,  the  water  will  in 
a  few  hours  rise  to  a  considerable  height  in  the  tub^ 


^^V  BIGOB  MOBTIS.  5(>5 

Vowing  (ci  the  contrnction  of  tbe  intMtiiud  irallt.  It  is  sttQ 
bfltter  Hboirn  to  the  artema,  of  which  «U  that  hare  mn«- 
mlar  coata  contract  ulti-r  dcatli,  and  ihua  pr«Mtnt  the 
roaiulnciw  and  cord-lilic  fe«l  of  the  art«ri««  of  a  limb  Utely 
miunred,  or  ihoM  of  a  body  reocotlf  dead.  Sobsequenlly 
they  relax,  a«  do  all  tlio  otliur  miiaeles,  and  feel  lax  and 
flabby,  and  lio  m  if  flattened,  and  with  tlioir  yfttUn  nearly 
in  contact.* 

Jctwiu  cf  tht  Voluntary  ifutcln. 

The  pwaler  part  of  the  roluiitaiy  niuaclee  of  tlie  body 

I  act  0*  ftoum-M  of  jmwrr  fi>r  inoring  Invflrn, — tlin  latter 
coneistiBg  of  the  raiioua  bonee  to  which  the  muscles  are 
attached. 

All  InvcTo  hare  been  divided  into  tliree  kind«,  according 
to  the  reUitive  pOBitioii  of  th<>  poirer,  tlie  trti^ht  to  be  moved, 
and  tho  axis  of  malion  or  /ulerum.  In  a  luvcr  of  the  Jtrtt 
kind  the  potter  ia  at  one  extremity  of  tho  leror,  Ibo  imylit 
at  tlie  other,  and  the  /ulcmm  Iw-tuw^n  tbe  two.  If  Die 
initial  U-ttorsi  only  of  llio  pourr,  ud-iht,  and  fulcrum  bo 
used,   the  arrangemeDt   will  stand    thus: — P.F.W.      A 

F  *  Althnui^  the  prpi^MlInK  i*n>iir)E*rtfiiymnt  tU)  virw*xm«rall]rent(r- 
talMd  In  tvBo-i  In  mnicutar  iictioii,  ypl  il  niu«t  bu  oNwrt-#<l  Ih&t  t  ocw 
atiil  ytty  ■!i!rcr*nl  tliwrj-  on  Ibo  milyret  Iiu  b»«n  Ut^ly  tiltAnctA  V 
Wnnl  writm,  ami  I'^iwiuUj'  ilerdojicd  b]r  Dr.  ItadclifTf,  wlio  liu  nlio 
mtde  H  Ihn  twis  of  noir  vtcwn  on  the  pntlioloj^'  of  TsriuuH  cnciraliive 
aSwIlcnft.  Ao(orJinglothi«ilocltinfv  liieotJinnryreliuwlOT  Fli>iij{«tcil 
riate  i4  a  miucle  U  doc  to  «  wnniti  "  rfnte  of  polarit y  "  in  wbirli  tbo 
HMUcle  t*  muintaiiicil,  and  ranltnclimi  ii  braii;;lit  about  by  aiiylblnfi 
(iDch  u  ui  rtfart  oT  ilia  will)  nhii:h  libcrntci  ihn  miiirln  fiom  Ibi« 
laAiiciice.  ami  ihai  tearu  it  to  tlm  ii].<tiiliiiii  of  tbn  ntlrnirtivp  foruv 
bihurvnl  In  thn  iniiiviilnr  mnlctqildt,  Aci'>ir<liii)(  to  (l>i>  du'trliio.  >Uo, 
tbe  nl^ti  of  TisinT  iinTlin  i^  mulilf  «X|>1u'iib1i> :  dratb  ilvj'rivlittt  lh» 
■nwcUa  of  tbe  ''Htiilr  oCfotaritr"  vlicrcbj'tlic^liniibilbr'ttobri^u  kl<pl 
nbuMd,  uiil  tbus  ollouiiitt  ibc  sttnctin)  Tunc  of  Uio  muvnUr  p<irticl*i 
ta  CDBM  into  p\aj.  For  fkcu  nnd  ai|[nia(iiit«  in  tujiiHin  of  tbii  r'urr, 
uvKornirfranc**  nn<t  cuiitliniBiui^  oiiiniun*,  Dr.  KwIi-ltlTc'i  >ratk  Ou 
Rliilflilic  and  ctlivr  Cunvalsirv  AITcctiuiia  lui.v  ht  uuniultrj. 
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poker,  OS  onlinBrilj  wkkI,  or  tb*  bar  in  fig.  (64,  may  be 
dtul  tut  ua  example  of  this  wietj  of  IeT«r ;  vbUo,  u  u 
iaaUuce  in  wliidi  tiw  bonw  of  the  hunum  skoloton  an 
uBed  M  a  ivnt  of  tlw  Mtnto  kiixi,  lasy'  bo  raentiooed  ikt 
net  of  nisin^  the  body  from  tlw  atoopng  puatitn  Iff 
naUM  of  tliv  lintiis.tring  muaclcn  attodied  to  the  tuberodtjr 
ot  tli«  uchiuin  (6g.  163). 

Ay.  163. 

I     in 


la  D  lever  of  the  second  kiud,  the  KirnDf^nient  u  tktu: 
— P.W.F.  i  and  thin  leverage  is  eiiil>!(>vul  in  the  act  of 
nii»iiig  thu  huidle*  of  a  vhc^lbunoir,  or  la  Bttetcfaing 
I'^.  164. 


i 


an  elaatio  band  aa  in  6^.  164.  In  t!i«  human  body  the  act 
of  opeiiing  tUo  mouth  by  dof  rcwing  tlie  loner  jaw,  is  a& 
fSumx>lo  of  tho  same  kiud, — the  tension  of  tli«  rouKtcs 
^liidi  doM  the  JAW  rt-pn!«Tutii)g  tlie  weight  'J^.  164). 
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In  fe  IcTcr  of  tlifl  third  kind  tho  nrrnngempnt  is — ^F.P.W., 
and  Um  act  of  raUing  a  pato,  as  in  fig.  165,  Is  an  esaapl«. 
Id  the  humaa  body  tliero  am  numcrou!)  rxainj>I<«  nf  Ihn 
anplojment  of  tliis  kind  of  l«roriLg9.  The  act  of  bending 
tho  foK-arm  may  be  mentiooed  aa  aa  instuim  (fig;.  165). 

»  1* 


In  tho  liiiman  body,  leron  rto  most  fm|Uontly  used  at  a 
Ivante^  as  Tfigarda  poicer,  tho  Ialt«r  beinf;  8a(!ri£c<>d 
the  aake  uf  a  greati-r  ruiigo  of  motion.  Tliu*  in  th» 
diagrams  of  th«  tirst  and  third  kinds  it  is  erident  that  the 
poir«r  is  so  dose  to  the  ftilLTum,  that  gTMt  force  miiat  bu 
oxnrcuwd  in  unlttr  to  prodiico  motion.  It  w  also  nvidont, 
however,  from  the  same  diagrams,  that  by  the  cloeeness  of 
the  power  to  thn  fuIiTum  n  grtttit  range  of  movement  cun 
be  obtained  by  mfans  of  a  comporatiroly  slight  shortening 
I  of  the  muaciilar  fibres. 

Tho  grvatt^r  iniinbor  of  tho  morn  important  muiicnlar 
a«ttons  of  tho  human  body — thoso,  namely,  which  are 
nrrauged  harmoniously  so  as  to  subiierro  some  definite 
porpoeo  oT  oth«r  in  the  animal  economy — are  described  in 
rarious  parts  of  ttua  work,  in  the  aootiona  which  treat  of 
the  physiology  of  the  prowwes  hy  which  these  muAciilar 
actiouK  are  i«tii«t«d  or  carried  out.  The  combined  action 
of  the  rMpiratory  muncloa,  for  instnoco,  will  he  found 
dmeribed  in  the  chapter  on  "  Respiration  " ;  tho  action  of 
the  heart  and  IjIikkI-vcsscU,  under  the  head  of  "  ClrcuU- 
ttoo  " ;  while  the  moroments  of  the  stomach  and  intcwtiiuw 
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ui«  too  intitnat«l7  sMocIated  with  the  function  of  "  Digtb- 
t)OD,"  to  be  deembod  ap«u1  from  it  Thttra  are,  liawerer. 
ODO  or  two  TMj  iiii)>ontint  and  Bompwhat  complic^tml  mn*- 
oular  sc^s  which  may  he  bott  dcaoribed  in  this  ptaoe. 

n'ulkiug. — In  the  act  of  walking,  almost  every  vojantaiy 
mutdu  in  iho  liodv  is  brought  into  plaj,  either  directlf 
for  [lurposee  of  progreasion,  or  indirvctly  far  tlui  pro{Kr 
bohuidi^^  of  the  head  luid  trunk.  The  uuscl«  of  tlw 
•ma  are  l«ast  ooncem«d ;  but  c^'cn  thccw  am  for  the  dmh 
part  inatiiictiTely  in  action  aW  to  sma«  extcmt. 

Among  thfi  ohief  niuMica  oiignged  directly  in  the  act  of 
walking  ore  thoto  of  the  cnlf,  nliich,  by  luilliug  up  ibn 
be«l,  [lull  up  also  the  aatragalos,  and  with  it,  of  coung^ 
tltfl  wholo  body,  ilio  weight  of  which  is  transmitted  througb 
the  tibia  to  thia  b<»ui  {6g.  166).  Wh«n  starting  to  walk. 
Pig.  166. 


•  *  3  4  S 

Bay  with  the  left  leg,  thia  raiung  of  the  body  Is  not  M 
uulirvly  tu  the  muui'les  of  tliu  l«ft  oolf,  but  tb«  tnink  it 
thrown  forward  ia  such  n  way  that  it  would  lall  prostrate 
w«t8  it  Dot  that  the  right  foot  ia  brought  forward  and 
plnatod  on  the  groiiii<l  to  support  it.  Thu*  tlio  miudM  cf 
the  left  calf  are  aasiated  in  llioir  action  by  those  unsdM 
OQ  the  frout  of  the  truulc  oud  li^gs  whioli,  by  their  oon- 
tiaction,  pull  the  body  forward«i  and  of  coura^  if  ths 
trunk  form  a  slanung  line,  with  the  indinalioQ  forwatdti, 
it  it  phiiii  tliat  when  the  hcol  ia  raiMd  by  the  04df-niuscki', 
tho  whole  body  will  be  raised,  aud  pushed  obliquely  for- 
wards and  upwards.  The  su<^'<.-i.<Miivi;  acta  iu  lakiug  iLo  &itl 
elep  in  walking  aru  represeuted  in  fig.  166,  I,  2,  3. 
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Xow  it  is  <rrid«nt  tliAt  by  the  iiiue  Uie  body  hu  assuDied 
dw  poaitiOD  No.  3,  it  ta  timu  that  dm  right  leg  ■liould  be 
brought  tbrtrajd  to  nuppurt  it  ftud  prcrent  it  from  fulling 
prostrate^  This  advaiice  of  (he  other  le^  (tQ  this  case  tfaa 
right)  is  effected  partly  b;  ita  medianiually  au-iiiging  for- 
wartlii,  peaduliiin-wiM,  aod  piutly  by  muecular  action ; 
Uw  idukIos  used  boiog,— u(,  tho§e  on  tJie  front  of  the 
thigh,  wbtoh  buud  the  llugli  furwaidx  oa  the  pdviH,  oiqie- 
iitally  th«  nvtufl  fuiiii>m,  irith  thi;  p»on«  and  Uio  iliacus; 
2ndlg,  th«  hamstring  muscles,  nhich  sUgfatiy  bend  the  ley 
ou  ifae  thigh ;  and  ^rdly,  the  musdea  on  the  ftout  of  thfi 
Uy,  which  roiso  tiie  front  of  tho  foot  and  tooa,  and  ao  pro* 
Toot  the  hittw  Id  ewiuj^g  forwards  from  hitching  i&  the 
ground.  Anybody  who  has  attentively  watehed  the  hdp- 
lew  dapping  action  of  tho  foot  and  log  in  cases  of  partial 
paralysis  aifecting  the  muscles  of  the  leg,  or  who  will,  in 
his  owu  case,  note  the  u^t  of  bringing  the  log  fornnrd  in 
walking,  will  be  conTtoced  of  the  large  shore  whioh  the 
muadiea  take  in  the  uet  iu  ijueHtion ;  although,  of  cuurse, 
their  work  is  roiitlcred  niui;li  onsicr  by  the  pendulum-like 
ewinging  forward  of  the  leg  by  its  own  weight. 

The  secuud  port  of  the  act  of  walking,  which  bns  boon 
just  deerrtb«d,  is  sliowii  in  tlui  diagram  (4,  Gg.  166). 

AVhcn  the  right  fool  has  reached  the  ground  the  action 
of  the  tfft  leg  htut  not  I'ciiwxL  Tlia  culf-musiics  of  the 
latter  coutinuo  to  act,  and  by  pulling  up  the  hool,  throw 
the  body  still  more  furwarda  over  the  right  leg,  now  beuriiig 
nearly  the  wholo  weight,  until  it  is  time  that  in  iu  turn 
the  left  leg  should  swing  forwards,  and  tbe  k-ft  foot  be 
planted  on  the  ground  to  provt-ut  tlte  body  fmui  fulling 
prostrate.  As  at  first,  while  the  calf-miisclea  of  one  log 
luKt  fbot  are  preparing,  so  to  ajMuk,  to  /luiA  Iho  body 
forward  and  upward  from  bidiind  by  raising  tiio  heel,  the 
louactea  on  the/roiii  of  the  trunk  and  of  the  same  leg  (and 
of  the  other  leg,  except  when  it  is  swinging  fbrwords)  are 
helping  the  «ct  by  pulUivj  the  legs  and  tTimk,  so  as  to  make 
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tliem  iudine  forward,  tlio  rotiition  in  Uii>  koctinliig  fiM-aranl* 
being  C'ffcirtnd  mttioly  at  llie  uUd^-joint.  Two  main  kindi 
of  Uveiaite  axe,  thercfoni,  omplojrod  iu  thv  net  uf  wmlkio^, 
and  if  thui  idedt  be  firmly  gnaped,  tbe  detail  will  be 
nitderstood  with  oompontiT*  mm^  Oati  kind  of  leventg« 
emi>la}^ed  in  walking  u  MwntiKUj  tbe  •ame  with  ibat 
•mplqj^  in  pulling  fimnud  th«  p(de,  as  in  6g.  165.  And 
Ibo  other,  loss  exactly,  is  that  wnploj'eil  in  ruining  tlu- 
handles  of  ft  wheelbarrow.  Now,  mppoang  tbolowermdof 
the  pole  to  be  pUoed  in  tbe  bcurrow,  we  ehould  liaT«  a  to; 
nmgb  and  indegaot,  but  not  allogother  Iwd  r«i>n!aent«ttan 
of  the  two  main  lerers  employ^  in  the  act  of  walking, 
71m  body  b  imilM  futward  by  tli«  muscles  iu  front,  wach 
in  the  uune  way,  that  tho  polo  mi^t  bo  by  the  force  applinl 
at  F,  (fig.  165)  while  tbe  raising  of  the  heel  and  putkinf 
forwardit  of  Die  trunk  by  the  calf-muitclee  i»  roughly  kjir- 
Eenied  on  raising  the  handles  of  the  barrow.  The  manner 
in  whi<'h  thcae  actions  aio  performed  ollemately  by  each 
k^,  eo  ttiat  000  aflur  thn  utliL-r  in  swung  forwiuniA  to  snp- 
port  the  trunk,  which  is  at  the  enme  time  jmahtd  and  fmlltd 
forwards  by  the  musdee  of  the  other,  may  be  gatlieteil 
from  tho  provioua  deeuriptioa. 

Thero  is  one  more  thing  to  be  noticed  especially  ii 
tlie  act  of  walking.  Inasmuch  a*  the  Ifody  is  being  ooe- 
stantly  supported  ond  biJsnood  on  eaeti  Itfg  oltemnlcly,  and 
therefore  on  only  one  nt  the  some  moment,  it  ia  evident 
tliat  tliure  muHl  be  some  provision  made  fur  tlirowing  the 
centre  of  grafity  OT<;r  tho  line  of  eupi>ort  formed  by  tha 
bones  of  each  leg,  a^,  in  its  turn,  it  >'Upport«  the  weight 
of  the  liody.  Tliin  may  be  done  in  vacioun  wayn,  and  the 
manner  in  which  it  is  effected  is  one  elemmt  in  the  dtf- 
forencea  which  exist  in  the  walking  of  dilTerent  people. 
Thus  it  may  be  done  by  au  iostiuclivo  slight  rutiilioa  of 
the  pelWii  on  tho  head  of  each  femur  in  turn,  iu  such  a 
manner  that  tho  centre  of  gravity  of  the  body  shall  fall 
over  the  foot  of  this  side.     Thus  when  the  body  is  pushed 
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I  onwATdfl  Rod  upwards  by  the  raising,  my.  of  tlic  riyki  heel, 
tu  in  6g.  l66,  3i  t^  jx^lvia  Is  instinctivoly,  1>y  vnrioiia 
IlinudM.  made  to  rotate  on  the  head  of  the  left  feuur  at 
'  the    acetabulum,    to  ^,  ,£j. 

'  the  kft  sida,  »o  that 
I  tho  weight  may  fall 
I  over  the  line  of  sup* 
,  {lort  funnod  tiy  tho 
I  left  leg  at  the  time 

that  lh«  rifffit  Ii>g  in 

twinging     forwards, 

and  leaving  all  ihu 

I  work  of  mippiirt  to 
fidl  on  its  fellow. 
Swh  a  '  rocking ' 
uoromiint  of  tho 
trunk  and  palvi«, 
liowever.  Is  but  an 
Rwkwaid  manner  of 
doJag  .what  can  ho 
done  more  grocofully  liy  oouibining  a  alight  'rocking'  with 
a  movement  of  the  whole  trunk  and  li^  over  tlin  fuot  which 
IB  being  plautL-d  on  the  ground  (tig.  167;;  tho  action  being 
accoropauied  with  a  compeiiaatory  outward  luovement  at 
lh«  hip.  more  easily  appreciated  by  looking  at  the  figura 
(167)  tbandeBmbed. 
^h  Tlius  tho  body  In  walking  ia  continually  rising  and 
■wnying  alternately  from  one  *ii<lo  to  tho  other,  as  ita  cen- 
tre of  fjruvtty  hiLi  lo  liu  brought  alternately  over  ono  or 
other  leg ;  and  tho  curvotureai  of  the  apiua  ore  altered  in 
loorreapondenco  with  the  varying  position  of  tho  weight 
Iwlttch  it  luut  to  support.  Tlie  extent  to  which  the  body  la 
I  raised  or  swayed  dilfen  much  in  difTunMit  pooplo. 

In  walking,  on©  foot  or  the  other  is  always  on  the  ground. 

Tho  act  of  Ifipinn,  or  jicniiing,  consista    iu  so  >u(t<I<tn  a 

Dg  of  the  heels  by  tlie  sharp  uud  strong  contraction  of 
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the  c«lf-muKJe«,  thnt  tho  body  Is  j«rlcoi3  off  Uie 
At  tli«  aaine  time  the  effect  is  mucJi  incmsMd  lij 
bunding  thu  Ihigliit  on  Uto  |>elvia,  and  tli«  legs  on  tht 
tliigtis,  and  than  suddeDly  etraightcning  out  tfae 
tbua  fonued.  Tlie  8h«M  wliiub  tlus  action  hoa  in 
ilutitig  the  oflbot  may  be  ewiljr  kiiown  bjr  ttltemi-tm^  lo 
Imp  ia  tbe  upright  posture,  with  the  togs  ijnito  KtraighL 

Ruanin^  i»  i>etfornied  bj  a  series  of  rapid  low  joaift 
with  ench  log  allemutvly ;  eo  th^t,  daring  each  DomiileH 
musculsr  act  oonoenied,  there  is  a  moment  when  bolb 
feet  ore  off  the  grouud. 

Ill  all  these  cuses,  h<>wot«r,  tlto  dcscriptJoa  of  the  nuo- 
Qor  in  whidi  an;  given  ctTwt  is  produced,  cui  giTebala 
very  imperfetrt  idea  of  the  infinite  number  of  cDtabiBid 
and  hnnuouiously  arranged  mnscuLu-  cODtractious  whkll 
ore  nooocssr;  for  oven  the  simplest  a«t«  <^  locomotioii. 

dctiont  uj  0i4  InnlMiitarji  Stmdet. — ^The  inTohuiIsiJ 
muKules  ore  for  the  most  port  not  tittitchud  to  boBM 
urangod  to  act  as  lerers,  but  enter  into  the  fbrmatkn  «f 
such  hollow  purtK  an  tfiiiuire  a  diiniuuLi<iu  uf  their  calilm 
hy  muscular  action,  under  partimikr  oircumstanoes-  Bt 
amptee  of  tliia  action  are  to  be  found  in  the  inteaiaK 
urijioiy  bladder,  heart  wid  Miinil  iii^inln,  gaM-Madfcr, 
glfind-ducls,  etc 

The  diiTetenaa  in  the  manner  of  contracdoa  of  the  sttiittd 
and  uuti-ntrtiiti.'d  fibres  hnit  been  nlrondj  rufemd  lu  (p.  yjOif, 
and  the  peculiar  vermicular  or  peristaltie  action  of  tfat 
latter  filirus  in  euinti  rugiuun  of  the  body  has  been  desniM 
at  p.  345. 

Source  0/  Uiucttiar  Action. 

It  was  formorly  supposed  that  each  act  of  oomtraetiia 
on  the  part  of  a  muscle  w&a  accompanied  by  a  oofrelaliTC 
waete  or  dustroctiou  of  its  own  aubetanw;  and  ihattti* 
tjuaulify  of  the  nitrog^nouB  excavta,  especially  of  una. 
presumably  the  exprvooiuu  uf  this  waste,  was  in  ezaot  fn- 
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|)ortioii  to  the  ftmount  of  muflcolar  work  peribrtned.  It 
hu  been  fouiul,  huwovnr,  bvUi  tliiit  th«  theory  itaolf  u 
orromooua,  uid  tlint  the  suiiposed  foots  on  wliich  it  voa 
foundftd  do  not  exl&t. 

It  U  tmo  tlint  in  tlio  action  of  muMtes,  m  of  all  other 
ports,  there  u  a  certain  destruotioD  of  tissue  or,  id  other 
wotda,  A  certain  '  weur  aud  tear,'  whidt  may  bo  nqire* 
untoJfivu  slight  iucnitUKi  in  thu  quuit4Q'of  urea  «XL-reted: 
but  it  is  not  the  cvrrtfative  oxpreemon  or  onlij  aourco 
of  the  power  mantfusted.  The  incredM  ui  tlio  amount  of 
un;a  wliicli  i»  oxcreltid  after  miiBculor  nxvrtlon  i»  by  do 
means  so  great  M  was  Ibrmorly  supposed ;  indeed,  it  ia 
retry  alight.  And  aa  ihwe  is  do  rcamu  to  bclieru  that  the 
u-Bstc  of  inuscio-substunoo  cfto  be  expressed,  with  unim- 
portant exceptiona,  in  any  other  way  than  by  an  inoreaaed 
cxcretiuu  of  urea,  it  i»  eridont  that  wo  muat  look 
elsewhere  than  in  destruction  of  muscle,  for  the  source  of 
uiucular  oitiou.  For,  it  need  eciu-cvly  be  said,  ail  foroo 
mauifontcd  in  tho  living  body  iiiuist  l>»  tlio  corrulativv 
I'SprecMon  of  force  pr«Tiausly  latent  in  the  food  eaten  or 
tho  titiauu  form<.-d ;  and  uviJeucoa  of  furcu  ■•xpouded  in  tlio 
body  must  be  found  in  the  tj^reta.  If.  therefore,  tho 
nitrot/enons  exvnta,  rei'reeeuted  chiefly  by  mwu,  are  not  in 
BUlFicivnt  quiiiitity  to  nccount  for  tlm  work  dtmo,  wo  must 
look  to  the  non-nilro'jenoua  excretn  as  carbonic  acid  and 
water,  which,  prcauuiably,  L-annot  bo  tlio  oxprwiuou  of 
wasted  miis('le-8ubstan<?o. 

The  quantity  of  these  non-Ditrogenoua  excreta  is 
andoubtiMlly  incntaaed  by  active  musuular  clIortH,  and 
to  a  cDDsiderable  extent;  and  vhatever  may  be  tho 
MMirco  of  Uie  water,  the  carbonio  acid,  at  least,  ia  the 
n!«ult  of  chemical  action  in  tho  eyslent,  and  especially 
of  the  combustion  of  non-nitrogenous  food,  although, 
doubtlos*,  of  nitmginioiui  food  ahio.  Wo  arc,  therefore, 
drivsa  to  the  conclusion, — that  tho  substance  of  muscles 
is  not  wasted  in  proportion  to  the  work  they  perform;  and 
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that  the  non-nitiogeiiotu  m  veil  as  the  nitrogenotu  taoSi 
maj,  in  their  romboatioo,  afford  tha  roquiidhi  rouditioiu 
for  muaculur  lulitni.  Tlte  iU]g«ot  luicnssi^  for  nitrogfiKm 
food,  •^eciolljr  After  oxeruM,  i«  probably  due  more  li> 
the  need  of  uiUritioH  bj  tbeexkauHtcd  muwlot  luil  <Aha 
ttMniM  far  whkb,  of  coitrw,  tiitrcig«ii  is  easeotial,  thas  to ' 
mich  food  being  superior  to  >ion •nilro jviwnw  mbotaiicu  ua 
aouiee  of  muaculur  jioircr. 


CHAPTER  XVIII. 


OF   TOtCB   A.KD  8FBECH. 

In  nearly  all  ftir-l>ranthing  Tertnbratfl  Biitmiilit  there  an 
arrangemeuU  for  the  production  of  sound,  or  voice,  ia  aiMW 
part  of  tJie  rtujiiratiiry  apjiiirulua.  In  many  aiiimala  Ox 
sound  admits  of  being  rariously  modified  and  altered 
during  and  after  its  production ;  and,  in  man,  one  of  the 
reaults  of  such  modiJiration  i«  sptech. 

ModB  of  ProilutXion  of  the  IJuMon  VotM. 

It  has  been  proved  l>y  observationa  on  living  subject!, 
by  means  of  tlin  lurrngosoojie,  us  well  as  by  ex]>erimMta 
on  the  Inrir-nx  taken  from  the  dead  body,  tiint  the  i 
of  tlie  liitmaii  vuieu  In  tlie  reauU  of  the  Joierior 
ligaments,  or  true  vocal  cords  (A,  w,  fig.  172)  which  iMmnd 
die  gkittia,  being  thrown  into  vibration  by  currents  of 
expired  air  impelled  over  their  edges.  Tlius,  if  a  Iree  open- 
ing exists  in  the  trachea,  the  sound  of  tlie  vulco  c«aa«i^  but 
returns  on  the  opening  being  doeed.  An  opening  into  the 
air-passnges  above  the  glottis,  on  the  contrary,  doet>  not 
prevent  the  voice  bmng  formed.  Injury  of  the  Uryngml 
uurvus  sujiptyiug  the  musclos  vliich  move  the  Toeol  oords 
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I  an  end  to  tlin  formatiOD  of  Tocnl  aonixls ;  and  wb«ii 


Fit.  I6S.' 


theM  nem*  ore  divided 
oa  bdli  ri<tM,  tlx)  loss 
nf  voice  ia  oomplolo. 
Moteorer,  l>y  faniuit  a 
nimnt  of  uir  thraugh 
the  l&jynx  in  the  dead 
Nubjwi,  uUiiLT  vocal 
aoundji  ore  produced, 
tliou^h  the  <Tpif;lottis, 
the  iippi-r  ligikmcinta  of 
the  huynx  or  false  Tocal 
oorda,  tho  venlriclta  Uf 
tweeotbcm,  and  tho  in- 
ferior lijjameuta  or  true 
vocal  conlts  mid  tlto  up- 
per part  of  th«  arjie- 
noid  uirtilngG*,  1h)  uU 
removed ;  provided  the 
true  vocal  cord«  remaia 
entiro,  with  tlniir  pfinta 
of  attachment,  and  be 
knpt  t«iue  and  «(i  np- 
proxiiufitod  that  the  fla- 
aore  of  tlic  glottis  may 
Im  Darrow. 

The  Tocol  lig:am«Dt8 
or  oonl,  tbereJbre,  may 
be  Mgardod  as  the  pro- 
pot  organs  of  the  mere 
voice :  tlie  modificatious  of  the  voice  are  eO'eoted  bjr  oth«r 


*  Tiig.  l6&  OiillliiD  (liovinK  tli*  jCSD^ral  Tomi  or  Ui*  Inrynx.  trai-hioi, 
■ltd broDclii,  v>  tvu  Uoia'i'eXatit.  \.~h,  tlio icnat  eomn of  lliv  lijrnlil 
Wtae  1  f,  rpiglullit  i  (,  Hnpcrior,  ind  f,  itiMiir  ruruii  of  iIif  thjrroul 
ckrlU>|ta  1  c,  middle  o\  th«  oriixdd  cnrtila^  i  ir,  llir  tntilita,  iliniiiitig 
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Fiff.  169.' 


parts  tut  vr^  ns  hj 
tli«m.  Their  etno- 
tnro  is  luUptad  to 
enable  th«m  to  n- 
brut4>  like  biHM  tncn- 
braD«s.  for  tb^jr  an 
eneatialij-  cmapCMi 
of  oUatk  ticRie;  nl 
tbejr  are  eo  sttudwi 
to  the  nutilafriais 
puts  of  tfa*  liUTU 
tliRt  their  posttiHi 
and  toiuion  am  lit 
Tnrimulj-  olWred  Inr 
thfl  contntctiou  o(  the 
tniudea  which  ad  on 
tbeae  parto. 


Tha  hiry*,  or  or- 
gan  of  voice,  Mcuiiti 
e«aMiliaU7  of  tm 
fliiKlif  UpaoaUed  tlu 
Tocftl  wjTd»,  wlucJi 
KK  BO  atttchnl  lo 
certain  cartilagnf, 
and  no  utider  thn 
control  of  nrloin 
tnuticles,     that    dit^ 


*  I'll;.  ifijL  Outline  ihoH-ing  the  gcni:nil  (orm  of  the  Uryax,  tn^H^ 
anil  bronchi  Mamiifrom  behind.  (. — A,  RnatciintiK'tlMlijcidbMn; 
(,  tuiwrior,  ta\A  t,  tbv  iuTvhor  cornu  of  lliu  I1ijt«M  cullhca  :  ^  tbt 
^igtottisi  n,  pui[i1s  t')  llio  luck  of  bolli  the  arrtcnoid  orttl>KW,Nhi^ 
an  ■urm0uut(-d  by  liip  comkiila;  f,  Uu  miiidloridgDODtliebaclcoftlH 
ctittM  cactiUgc  ;  I  r,  \hv  poftcriar  maubiMioiu  port  of  Uw  Uwhca; 
A,  K,  ri^t  uid  left  braudii. 
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tmn  be  tnade  Uie  meuis  not  only  of  dosing  tlic  larjnz 
Bgainat  till?  rntroooo  and  «xit  of  nir  to  or  from  Uin  lungs, 
but  also  can  be  etretdied  or  relaxed,  sborteiied  or  Icngth- 

[  floed,  in  nucorduiiun  wilii  tlio  conilitioDs  Uint  initj  b« 
oeoeaoai;  for  the  air  in  paGsing:  over  tliem,  to  se4  (hem 
Titnating  and  [iroduce  rarioua  Bounds.  Their  aetion  in 
raspiration  hag  hnm  nlrraily  ri-fnrrrd  to  (p.  200),  in  «ra- 
neotioQ  with  ordinary  tranquil  r««piration,  and  also  (p.  2Z2, 

[  d  Mj.)  with  other  Kwpirntoiy  at'ta,  in  which  the  o[»duiag 

'  or  donng  of  th«  glolti«,  or,  in  otlinr  wonht,  tlin  c]o>« 
•iqtontioD  or  separation  of  the  vocal  cords,  in  an  ewential 
part  of  the  piirfonniiiice.  lu  thMe  n>«piratory  aoU,  hov- 
«v«r,  any  Mund  that  mn;  bo  produced,  as  in  oonghing, 
ia,  so  to  epealc,  au  accident,  and  cot  performed  with 
pnipooa.     In  tlio  present  cluipter  ttie  HOund  prodiuod  hy 

j  tba  vibration  of  the  rocal  cords  is  the  only  pail  of  their 
AuwtioD  with  which  we  have  to  deal. 

It  will  It  well,  pcrliiip".  to  rcfor  to  a  fnw  point*  in  tho 
anatomy  of  the  larynx,  before  considering  its  phyeiologj- 
in  coniusTtion  with  vuiro  and  i^ioech. 

The  principal  parts  entering  into  the  formation  of  the 
laijiUE  (H^tH.  169  and  170)  arc — (c)  tlie  thyroid  carliluge; 
(c)  thii  cricoid  cartilage ;  (n)  tho  two  tirytonoid  cartilagos ; 

.and  the  tn-o  true  vocal  cords  (A,  ev,  fig.  172).  The 
^Hglottis,  [%.  170,  •>)  has  but  tittlo  to  do  with  the  xoine. 
and  is  chieHy  useful  in  falling  down  as  a  '  Ud '  over  tlw 
upper  part  of  tlie  larynx,  to  prevent  the  entrance  of 
food  and  (Irink  in  dvghitlticn.  Tim  falso  vocal  <'OTd* 
(en,  fig.  172),  and  the  ventricle  of  the  larynx,  which  ia 
a  Hpeco  between  the  inUti  and  Uio  true  con)  of  cither  side, 
need  be  here  only  refen'pd  to. 

I  The  thyroid  vortilogo  (%.  1 70,  I  to  4)  does  not  form  a 
complete  ring  araund  the  larynx,  but  only  covers  tite  iVont 
portion.  The  cricoid  cartilage  (fig,  170,  5,  6),  on  tlwi  otlier 
hand,  in  n  compWtv  ring  ;  tlm  bock  port  of  the  ring  being 
much  kioader  than  the  front.   On  thu  top  of  thi*  broad  por- 
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Uon  of  the  moDid  bio  the  oiTtenoid  cartilagaa  (Bg.  1 69,  ■) 
tbe  coDDM'titm  hc'tviMa  the  crjooid  bolcnr  imtl  axytmoii  cv> 
tUaf;cB  above  being  rt  joint  with  synovial  ineml>raoe  asd  li^ 
numt*,  the  latter  penuUting  tolerably  frev  motion  betven 


fig.  I7D*. 


thtfm.  Uuc,  although  the  aijU- 
noid  cartila^M  um  njoro  on  lk» 
cTiKiid.thflj*  of  course  Bcoomfiaf 
the  latter  in  all  tlinir  mimmiik, 
jiutt  tu  tlin  head  mar  nod  or 
turn  on  the  top  of  thti  tpaii 
ooluinn,  but  moiit  rnxompaof  it 
in  all  its  tnoTements  as  a  vliok. 
U^"''^  (J  Thethyroiduartiliigoiwalsocoo- 

ocdnd  vHlh  the  cricoid,  not  ctij 
bv  ligomeotB,  but  hy  two  joutti 
with  Bjuorijd  niMnbrane  (t',  fip. 
168  sod  169);  the  lower  MniMnf 
the  thyroid  daa]iin^,  or  nipping, 
II*  it  wore,  the  cricoid  betreea 
them,  but  not  eo  tightly  but  thil 
Hut  thyroid  ciiii  rvTotro,  witlui* 
certain  mngQ,  around  an  axia  [iiu»irig  trausversely  threoth 
the  two  joints  at  wluob  the  criooid  ia  daqied.  TIw  touI 
tTirds  an)  attiu-JuHl  (Imhind)  to  tlio  front  portion  of  the  tM» 
of  the  aiytenoid  cartdngoa,  and  (in  front)  to  ther»-eBl» 
ing  angle  at  tliu  bade  port  of  tlie  thyroid ;  it  U  «rideiit> 
therefore,  that  nil  tnovomcnts  of  «ithor  of  theee  oaitila^ 
must  pruduM  an  ctl'ect  on  them  of  some  kind  or  othtr. 
Inasmuch,  too,  fis  tlic  (iryteooid  luirliLigMt  rrat  OQ  tbe  top 
of  the  back  portion  of  the  cricoid  cartilage  (<«,  fig.  169), 
and  are  ttonneotfd  n'itli  it  by  captiular  aud  otltor  ligameotSi 
all  movements  of  the   cricoid  airtilage  must  more  Ibe 

*  Flu-  fja.  ViirU\aff!*  of  tiic  Inryax  wen  from  litfam  }. — 1  la  4, 
thyroid  cnrtilagr;  1,  ti^rticfll  rl'lfcn  or  |iomum  .^diuiii ;  t,  ri)^t  »ix;  j, 
(i<]'Driur,  nnd  4,  iiiTi'rinr  >-unia  of  t)ii'  riiclii  tiiju ;  5,  6,  cri(oi4  oulil^; 
5.  iiiuiliof  tliu  |Hi«l»riur  |«[t  i  C,  autcdur  nunw  ]>ut  of  thariog;  t, 
nryicuold  cuitiJiitccii- 
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.  cartilagea,  aod  aUo  produce  an  effect  on  the  rocal 

Tbe  so-called  ininrtiie  muaclM  of  Ihe  laiynx,  or  those 

vhich,  in  tli<:ir  actiiiu,  hmrn  a  direct  action  on  the  vocnl 

aie  nine   in  number — four   pain,   and  a  8ing:La 

anade ;    namcl}*,    tiro  erieo-tht/roid    iuumIok,    tiro   ihyrv- 

n<ud,    two  poiurior  crico-aryUiiDiii,  two  lateral  rrico- 

yleji&iJ,  and  one  nrytenoid  muscle.     Their  actions  are  as 

ows: — Whwi  tiie  erwo-thyroid  musulisi  (to,  fig.  i/l) 

Qtrad,  they  rotAt«  tlio  crii-oitl  on  the  thyroid  curtito^ 

Bueh  a  mamier  that  the  upper  and  liatk  port  of  Iho 

nor,  and  of  ncctuoity  the  arytenoid  cartihignt  no  the 

of    it,    are    tipped    baclswards,    while    the    thyroid 


P^  i7i.« 


iniJinocI  forward :  and 
of  course,  iho  Tuoal 
beiuf:;  attaclieil  in 
t  to  Olio,  and  behind 
to  the  other,  are  'put  on 
tho  str«tch.* 

The  tl>yro-4tryUnoid  mn»- 

(7,  fig.    174),  on  the 

]umd,     ham     an 

te   action, — pulling 

thyroid  hadcwards,  and 

arytenoid  and  Mppi-T  and 

part  of  the  cricoid  car- 

tila£«e  forwards,  and  thus 

ifftnj  th«  voral  iimla. 

The  crictt-nryleno  idt-  ipot- 

muttiM(&g-l7  5,t]dilalt 

fthfi  glotlis,  and  Bcpiirnto  tho  rociil   cords,  tho  ouu  from 

(the  oth«r,  by  un  atlion  on  the  arytenoid  cartilage,  whidi 

LwUl  be  plain  on  reformice  to  a'  and  c',  (6ff,  172).    Bythwr 

*  n^  ITI.    latcnl  vicwoftstcrioiof  lh«I&ryax,  after  Ur.  Vr'illia, 

tlijTMil  (■■rtilaso  !  9,  Cricoid  ciittilBR" :  10,  t'rico'lli«Toid  mu»d«; 
|i  ji,  Crico-Ui}rui<l  ligunaat ;  11,  fint  ringi  of  cnuhei. 

u  u 
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ooDtractioa  tbey  tend  to  puU  tog^tlter  the  outer  bq^ 
of  tha  acjrtenoiil  cartilagM in  euch  a  fashion  utorotatotbt 
l«tt«r  at  tlmr  joint  with  tlna  cricoid,  and  or  ooime  to  Utro* 
aflUkdw  tbeii  ulterior  uiglva  to  wbick  tho  rocal  oordd  tn 
attsciied. 

Tbem  jnximor  (rico-Arytnnoid  niUMil«a  sio  oppowd  bf 
tL-«  erieo-aryUnoiiei  t^^raUt,  vhid),  ptilURg  in  tlio  oppoatt 
direction  fzooi  Ifae  other  ude  of  tbe  ozia  of  lotation,  km 
of  (xntree  oxactl;  tho  oppoMt*  eflbct,  aad  doue  the  f^sttit 
(%.  174.  4  and  s). 

The  uperture  of  tliA  glottis  can  be  alao  oontnwted  \j 
tbo  aiytifund  muwle  («,  fig.  173,  niul  6,  Sg.  1 74),  trhith, 
in  its  contraction.  puUa  together  the  upi^er  pans  of  lb 
aryteuoid  conilogca  bctwmm  vhivh  it  uxlvndj. 

The  plodng  of  tho  vocal  oorda  in  a  pontion  psniDel 
one  irith  the  other,  ia  effected  bv  a  comUned  aotion  of  At 
Titrioiia  little  mu*clo«  which  iict  on  thotn— tbe  tbjro-aiTte- 
nindei  having,  without  mudi  rooaon,  the  credit  of  taldag 
the  largeat  aliare  in  the  produotion  »f  tliia  otTuci.  Fig.  17J 
iM  iatcndod  to  ehov  ttie  Tarious  pontions  of  the  vocal  tatit 
under  different  drcumataiUwis.  Thus,  in  ordiuurj  tmujtil 
breathing,  the  opviiiiig  of  [liu  glottin  ia  wido  and  triangular, 
becoming  a  littlo  wider  at  each  inapiration,  and  a  litdi 
narrower  at  each  expiration  (fig.  173,  see  also  p.  200}-  Oa 
innking  a  rapiil  and  docp  inspiration  the  opeoing  of  tfci 
glottis  is  widely  dilated,  aa  in  c,  fig.  172,  and  aotatmhlt 
loxtiDge-ahaped.  At  tlie  nidiniMit  of  the  emiasoo  of  aoand, 
it  is  more  narrowed,  the  margins  of  the  arytenoid  cartil^tt 
bring  brought  into  <!Uiituct,  and  the  edgoe  of  tho  ncal 
cords  approsimatod  and  made  parallol,  at  tbe  aame  tinu 
that  ihfir  ti^uuciu  i»  niudi  iiicreiuHid.  Tlie  bighor  the  noM 
produced,  tlie  tenser  do  the  cords  become  (fig.  172,  a);  aal 
the  rauge  of  a  voitin  dr^ieiids,  of  courw),  in  the  main,  on  the 
exti'iit  to  which  the  degree  of  tendon  of  the  Tocal  cords  can 
he  thus  altered.  In  the  production  of  a  high  not«,  tli« 
vocal  cords  are  brought  well  within  aighl,  ao  as  to  b« 
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pl&iuly  visible  iriih  the  help  of  Ui«  loTTngoacopo.     In  the 
nHartiQoe  of  gnivn  Ioikui,  on  the  other  liand,  the  opiglottix 
depKosei]  and  btVMight  over  them,  ani]  the  arytenoiil 
P'g.  172.  • 


'Fig.  171.  Iliroe  liU7nfiatco]iicriewBof  thetuperloTapoTttmorU]* 

Iwyitx  Jiiil  hnrrauniliug  parts  and  diiTemit  lUus  of  tlie  gtoUit  diuing 

lilB  (fhini  i'(«niiak). 

A,  tti*  iclolti*  doriog  Ihv  cralMioD  iif  «  lii^h  not*  in  tlojilns ;  R,  in 

'  ADil  'lULfit  iulialntion  of  air  1  C,  in  Ui«>tala  of  wLdmt  pooibla  dIU- 

•tiai.uin  inhiJiu^avety  doopbmith.     TlibdJagrBU*  A',  B',  auil  CT, 

m  beou  ail<i«J  10  Cmmialc'i  HjtiinM,  to  alinv  in  hoTlx»nt>l  mctiont  of 

I  flouli  tlia  position  of  tho  vocal  ll)EiLiii«iit«  uid  arjtwnoid  cartilage* 

in  Uit  throe  (TTOid  KtAtM  [rjinwiiitfld  in  llin  otiiar  ligurt>a.     In  nil  t)ie 

Egorwi  M  tar  aa  marked,  tlio  luttm  itidicotc  lbs  pnrts  u  [qllowt,  vU.: 

,  tlic  boM  «( tli«  tongas :  f,  thp  tipiwifrrc  part  uftlie  cj>it;lolllf ;  t.  tUe 

bIntcI*  «t  eniOiion  of  tho  cpigloltla ;  ph,  part  of  Uin  anUiinr  irall  of 

I  piiarynx  behind  the  larynx  ;  in  the  margiln  of  Ihu  aijtenii'rptnlot- 

I  lutd  V,  Um  mollin  j  of  lh«  DMmbian*  cawod  bj  Um  carti  li^  u( 
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coTtilngr*  look  »  if  tbej'  wer«  irjrlag  to  lilde  Uto 

nniloT  it  (fig.  l/S). 

Th«  ffigle/iiii,  by  heing  ttomowlint  preasMl  doira  m>  m  to 

coT«r  tiui  miiMTicT  ciLrit;  of  tbe  larjnx,  mttm  to  noiitr  &t 
fig.  173.*  '"^'^  dooper  uitone.aadil 

the  Bam«  tine  aonmlil 
didler,  juat  as  ooveriof;  th* 
cnii  i>f  a  tbort  lube  ptoeed 
in  front  of  caouldiinn 
(oDgiiu  Eowen  tbn  ton*. 
In  no  other  reject  iJaea 
tlio  epiglotlia  >{i|)«nr  to 
have  anjr  fiffvct  in  muSfy- 
iug  tbe  tocbI  wmulj. 

'ilio  ilogree  of  appion* 
matioo  of  the  tocuI  coidi 
nbo  usually  coirMpesli 
with  the  betght  nf  die 
note  iiroducml ;  t>nl  ^m- 
bably  not  alvays,  for  iW 
width  of  the  aperture  iat 
no  emntinl  inllunuM  mi 
tbe  height  of  the  JuM,  M 
lonj;    KH    tbe    vocal   cadi 


WriKb«r|[i  *.  lU'^T  '•(  t)ii<  oBrlilif^ot  SutorUii ;  a,  lli*  tljioi  1 
of  tlin  nrjrtanoi J  urlil^gnt ;  c  *,  the  true  roral  (orila  m  tiim  o(  lb*  rimi 
filoiiidiB :  f  F  J,  111!  lupmor  or  fain  rocal  cordi :  betircMi  ikaa  thi 
vcntridc  of  the  livryni ;  In  C,  (r  !«  plaecd  on  the  antcHor  will  <f  lie 
TtoedinK  inu-lira,  iml  6  imtical**  Ihc  vninmancMncitt  ol  tLo  tvo  b*ia(U 
beyond  ilio  Mfiin-ilioii  which  niij  b»liiiiu|{bt  luloricw  in  IliUflit**' 
mtrano  diUlatiMi  (Iroiu  fjuain'a  An>loiii;>. 

*  ''"'P-  '73-  Vicwof  (hn  larjTixniHl  pMtof  th«lnich(«  rro«b«hiM 
with  the  liniKlonIiucelsd;  ft,  thohody  of  thehjwd  hono;  e,  r|iisloltu: 
I,  the  po*l«rt!ir  IniiJct)  «f  the  ih/roid  rartllane  ;  e,  the  lueiUui  tiiffitt 
the  criiMd ;  a,  U{i|>Er  pnri  of  Ihs  unrt«nold ;  1,  placed  en  oaiif  tk 
oMiquF  fouicuU  ofiheatj-WDoidmiuDle;  t,  lthp»Uiiiiraiinf4tjfUMiU 
niosrle  :  cDili.  of  ilifl  ItKoinplet*  eartUitgiiiaiu  riagt  of  the  tnAtt ; 
If  (ibroua  mr^iUMnA  croiiadiig  the  b*c^k  of  tho  traohefti  |l  nuacolv 
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l^flOaie  InnNion;    onlj  with  a  tride  apertoK,  the 
il»  Hum  diiScult  to  proi]uce,  and  is  less  pvrfiict,  tliu 
BJung  of  tlie  tur   tlirough  Ay.  147.* 

tttte  a])«riui«  bouig  hi.'snl  nt 
(tlu)  snino  time. 

No  true  voco]  souud  in  pro* 
Iductod  at  tlic  po«t<?rior  put 
I'of  the  aportura  of  the  (glottis. 
It,  vix.,  H'hidt  i*  fcirmed  by 
spam  between  the  ary- 
»id  «aTliUg«s.  VoT,  bm 
iMUUvT'it  i>xperimentii  shovred, 
|if  tlio  arytouoid  cartilages 
lie  approximated    !u  ewh  a 

'  that  their  anterior  procoeac*  touu]i  eiac]i  utlier,  but 
;  leave  an  opoaiug  hehind  thooi  oa  well  as  in  front,  aa 
.MOOud  TOTftl  tone  is  pro-  Pis-  'TSt 

by  the  passage  of 
air  tliruiijjh  tlie  pos- 
terior opening,  but  merely 
TlUtling  or  bubbling 
;  and  the  lii-iglil  or 
l>itch  of  the  note  produced 
19  the  samo  wli»tlier  tlie  poBtorior  part  of  tho  glotti*  TiO 
(■pen  or  not,  provided  tho  vocal  cords  maintain  the  same 
degree  of  tenuon. 


•  Tig.  174.  View  ortIi«  btcriaroflsrynxftoinalMrrc.  1,  nprrtur* 
of  glulHi ;  J,  nTytonoid  cnrtilagei  j  3,  roail  cotcU ;  4,  posterior  crieo- 
ar]r(cii«<i<l  nmiclci;  5,  lateral  pricoarylMioU  muft-ln  of  risht  lido,  that 
aflpft  ride  mnoTcd  ;  6,  arjtonnid  mntcia  ;  7.  ihyni.niyunojil  mllKlo 
t>r  left  tido,  that  of  right  lih*  remavnJ  ;  it,  Iliyroiil  MrtilaKi' ;  9,  (ricaid 
rartllace  ;  I],  ]iatl«riar  erSco-aryluuuid  ligauu'ut.  Wrtli  tli<' i'xv<ii>tioii 
ot  lliH  *ry1iii<it<l  iiiiiwcin,  lliis  diigrani  is  a  i!r>py  rrom  Kir,  Willin't  tigat*. 

t.  Fi)t.  175.  Visfruftliv  uptwr  partof  tlii'  Urpixfii  urn  b;  iu«tn*uf 
the  larj'ajEiw^npe  during  tht'  ul(«ran»  of  a  gravv  iiiit4.  c,  ii|iig1ollia ;  «, 
Inbrrclea  of  the  cirtilags*  of  Santarini :  a,  arytenoid  carlilosr*:  t,  boM 
(>r  the  toD^iu  i  ph,  tht  postarier  vaU  of  tho  pliuyui. 
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Apflkation  c/  Iht  Voice  in  Singing  and  Spmtkinj. 

Tlia  mitm  of  the  voice  thus  prodaced  nmj  otMcm  Uim 
difToront  kin<Ui  »r  wHjuence.  "Die  fint  ia  tbe  nonobmov. 
Id  which  th«  notes  have  nrarly  all  tlia  nuiio  pib^  at  in 
ordiamy  cpookuig: ;  the  Tari«t7  of  tlia  aounda  of  tfiMtk 
tmng  duo  to  iLriictilatlou  iu  tli«  mouth.  Tn  apeakin^,  haw- 
ever,  occaeional  syllables  gai«riilly  irci^in!  a  htglicr  inlooi- 
tiou  Ibr  tbe  sake  of  aooent.  The  second  modo  of  se^juote 
is  Iho  nnccesKira  tmnsiHon  Irotii  hij^li  (u  low  noteSy  aadik* 
ven&,  wilhont  intervalfl ;  such  u  u  heard  la  Wvo  MNrndi, 
ithieh,  us  oipi«Bslou3  of  jMasion,  aocompftDy  oiying  in  hub, 
and  in  tbn  liowUii^  and  irhiaing  of  do|ca.  Tbe  tliirJ  mode 
of  Bequcnra  of  the  vocal  sounds  iethotntisicnl,  Id  wfajch«Mh 
sound  hat  a  doterminate  number  of  vibraliona,  and  the 
Dumbora  of  dio  vibrations  in  tbo  huccothw  aounde  hmi 
(he  same  relative  proportiooB  that  characteriee  the  Botea  ol 
llio  iniuii(sl  acnlu. 

Th«  eom/HUi  of  the  mict  in  different  iodividuoLs,  vmpt- 
heods  ODe,  two,  or  three  octarcs.  Id  singers — that  ta^  is 
parions  a]>t  for  aingin^ — it  ext«iuU  to  two  or  throu  octatca. 
But  tho  male  luid  fomnlo  voicce  oonnicDco  and  end  at  def- 
iant poiitt«  of  the  mu&ical  scale.  The  lowesi  note  of  tin 
female  voice  la  about  on  octarii  higher  than  llis  lowest  nt 
th«  mnlo  voice ;  the  higheet  note  of  the  female  voico  aboat 
on  octave  higher  thsn  tlie  higrltcHl  of  iJie  male.  The  oosi- 
poss  of  tho  male  and  femAtc  voices  talion  tog«thair,  or 
fiie  entire  scale  of  tho  human  voice,  includes  about  four 
octaves.  Tlie  priuvipitl  difference  between  the  malo  and 
femitle  roico  in,  thvroforo,  in  thoir  pitch ;  bat  tb^  an 
also  distingiiiehed  by  their  tone, — the  rnnls  voice  is  not  so 
soft. 

Tlie  voico  preminta  other  varieties  besides  that  of  male 
and  fcniftle ;  there  are  two  kinds  of  male  voice,  tedmieall; 
called  tho  ba.os  and  tenor,  and  two  kinds  of  fumala  voio«, 
the  coulrulto  and  soprano,  all  dilfcriug  from  each  other  a. 
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one.     The  hat*  roice  tuuallj'  Mtivlies  loina  tban  tli«  teoor 

its  Etren^b  lios  in  the  loir  tiot«« ;  vhile  Ibe  tenor  voice 

Bstends  higher  than  the  baaa.      llio  contnlto  voico  haa 

erully  lower  aotnt  Ihnn  tho  soprano,  and  is  stroagMt 

:  low«r  notes  of  ihe  female  voice ;  wliile  the  soprano 

ieo  roaches  higlif^r  iu  Qie.  ncalv.     Hut  tho  diff«renco  of 

apRM,  and  of  pow«r  in  different  parU  of  (he  ecaJe,  ia 

.  th«  eueotial  distioctioD  between  th«  dlifcreitt  Toioes ; 

'  ham  Htngt-rs  cjui  HOinetimi^M  gn  wry  high,  iinil  tlio  cton- 

frociucntly  Hiog*  (lie  tiigh  notes  like  toprauo  singem. 

I  ceseolml  diffeTence  between  the  boss  and  teaor  Toicai, 

and  liftwLH^i  tho  «oulrulta  and  nopriLuo,  winsintn  i»  tlwir 

^  ton«  ur    '  titiibn^'  which    diatin^ialiM   thorn  isvoa  when 

\itiy  ve  eingiog  the  same  note.      The   qn&Utiea  of  the 

^Iwrjrto&e  and  mexao>soprauo  voices  ure  leas  niarkiKl ;  th» 

i  hniag  intermediate  Ixjtwtwn  tho  hius  and  tenor, 

[  the  meuo-eoprano  between  the  ooutrollo  and  soprano.  They 

have  aba  a  middle  poution  as  to  pitch  in  tbe  Hoalo  of  the 

male  and  Aimulc  voicvs. 

M      The  different  jiitcb  of  tbe  male  and  tlie    female  Toioe 

(tepcndit  OD  tho  diifuroiit  liMigtli  uf  tho  rcxiiil  oords  in  the 

tvo  sexes ;  their  rclntivo  length  in  men  and  women  being 

»ns  lluve  to  two.  The  difference  of  the  two  TOicea  in  tooB 
or  '  timbrR,'  is  un-ing  tu  tlio  dilli-rvnt  nalura  and  form  of 
the  reeiounding  widls,  which  in  the  male  larjux  are  much 
more  cxtvulliv<^,  mid  furui  a  more  acute  angle  auteriorlj. 
Tho  dilfejcnt  qualitioa  of  tho  tenor  and  l>a«,  and  of  tlio 
alto  and  sopnuio  toIcim,  probably  depend  on  some  pecu- 
liarttiea  of  the  ligttmonto,  and  tti<!  muinbruuuua  and  oar* 

ttiUginoiia  pnriutes  of  the  larj-ngcd  cuTilj^,  whi^li  ure 
BOt  at  present  understood,  but  of  whioh  we  maj'  fonu  some 
tdtiu,  by  recollecting  that  musicid  iiiHtruuKruts  nukde  of  dif- 
ferent mntcniils,  t.y.,  tuvlullit^  and  i^ut-titrings,  may  he  tuned 
to  the  same  note,  but  that  each  will  give  it  with  a  peouliiir 
r  *  timhre,' 
I  Inij-nx  of  boj-a  resembles  the  fvniale  l&ryux;   their 
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Tocal  cords  befote  pubertjr  hare  not  tn-o-thinU  lli« 
vlikh  th«7  ofitjuire  at  that  period ;  aiwl  the  angle  of  that 
ihyroid  cArtilogo  ia  M  little  promuwnt  u  in  tho  tuait 
Uryax.  Bojv*  voioes  ate  oUo  aad  sopnno,  tesoBbling  b 
pitch  IhoM  of  womuu,  Irut  louder,  and  USariug  aon«irhil 
tmm  thflm  in  tono.  Dul,  sft«r  tbo  Uiyox  baa  nndetpm 
the  eliau^  produced  durinf;  the  period  of  deTdopBRnl  it 
puberty,  tto  boy'it  voim  IwoomiMi  biuw  or  toiior.  Vflait 
tlie  change  of  form  ia  taking  place,  the  roice  ia  nid  b 
'crack;'  it  bccomea  iroparftc^  froquontly  hoano  mi 
crou-iDg,  and  is  unfitted  for  Hinging  ontil  th«  new  tODM 
are  btoug^tit  uuder  rammand  by  praetioe.  lu  Minociit, 
vho  linm  I>ncn  dnprirod  of  tho  tectoa  botbre  puberqr,  the 
voice  dc«8  not  undergo  this  duitige.  The  Toice  of  mat 
old  [MKipIu  iit  di-lictcait  in  tone,  uoHtoadj,  tkoA  man  w- 
etricted  in  extent :  tho  first  dof<vt  ia  owing  to  the  OMifr 
cation  of  the  cartilages  of  the  larj-nx  and  tba  nltcnd 
ronditimi  of  thu  roi'ul  Cf>rd ;  tbo  vaut  of  at«iiwltaMi  ariM 
{Vom  the  Iom  of  norvoiis  power  and  command  orer  lh« 
mu»ij<!a;  the  result  of  which  is  here,  aa  in  ut)iiT  pnrlii,  ■ 
tremuloua  motion.  Tlictw  two  crusm  combined  render  tht 
voices  of  old  people  void  of  tone,  uasteadj',  Ueatlng,  and 
wealc. 

In  any  claaa  of  person)  nrriuigcirl,  a>  in  an  oreliMlfa, 
aooording  to  the  character  of  voices,  each  wouM  pesw^ 
with  tliK  general  cJuu-uuturixtica  of  a  biue^  or  tenor,  or  uj 
other  kind  of  Toi(«,  soiro  peculiar  character  bgr  wMcb  hi) 
voice  would  be  recognized  from  all  the  rest.  The  «»• 
ditioiu!  thnt  determine  tlteiu!  distinction*  nro,  liowenr, 
qiiile  unknown.  'Dioy  are  probably  inherent  in  the 
tissues  of  the  larynx,  and  arn  ii>  indiitncmibto  m  the 
minnt"  dilTcTmiais  that  chEtroclertio  mi<n'a  fratures;  one 
of\i'n  obiiprvcs,  in  like  manner,  bereditaiy  and  Cunily 
pecidiorities  of  voice  aa  well  maiked  as  those  of  the  UmU 
or  fiK^-. 
Most  persons,  partivuliu-ly  men,  ham  tho  power,  if  at  oil 
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'  eapablfl  of  ^nglag,  of  luudnluling  tlioir  voicti  Uuoogh  a 
doublv  ani«s  of  notes  of  ilifEeraut  cbankct«r :  namolj',  tha 
notes  of  the  natural  voioe,  or  ehrtt-iu/Ut,  aud  tita  /altetto 
MoUt.  Tliu  niilurul  voim,  which  alona  has  been  hiUi<.-rLo 
considtoed,  U  fuller,  and  excites  a  diBtioot  aenaatioQ  of  maoh 
kttougor  <ribratian  uiid  rosonaiicfl  than  tho  fnbvtto  voice, 
wliU'h  hu  mora  «  fliito-like  cbornoter.  Tho  deeper  Di>Ioa 
uf  the  lutile  Toico  can  be  produced  only  vitli  the  natural 
Toiou,  the  hightDt  vitti  tJto  fiiUctto  only ;  tliun»tnsofiuiddl» 
pitch  cnn  be  produced  either  with  the  natural  or  falsetto 
voifio;  till!  two  regUtura  of  tho  voicu  are  tlierefure  not 
limited  iu  hucIi  a  mauiier  oh  tliut  on«  ends  wlien  the  other 
IJItminft.  but  diey  ruii  in  part  »de  by  side. 

like  DAtonl,  or  eheitt-uotes,  are  produ<«d  by  the  ordinary 
ribratioud  of  tho  vocal  cunU.     Tho  modo  of  produi;tiou  of 
the  blmtto  notes  is  sliU  obscure.      By  SlUUor  they  are 
thought  to  be  due  to  vibrations  of  only  tlio  inner  borders 
■  of  tho  vocid  vords.       In   th9  (^inioD  of   l'otrc(]iiin  and 
B  Diday,  they  do  not  roauU  bom  vibrations  of  the  vocal  cords 
K^it  all,  but  from  vibrutions  of  the  air  passing  tlirougb  tho 
^rapMtnro  of  the  glottis,  whioh  they   believe   assumes,  u 
^^Biuih  times,  the  <!Duboiir  of  tlie  tmboitchuTi!  of  a  lluti>.  OUirts 
(considering  some  deg^'ee  of  similari^'  which  exists  between 
tbe  fiiUetlo  nol«s,  and  the  peculiar  tones  called  hurmonic, 
n'liich  are  produced  wlmo,  by  touuliing  or  stopping  a  harp- 
string  at  a  particulai'  point,  only  a  iJortion  of  lU  Itnigth  is 
allowMl  to  vibrate)  have  dupposed  that,  iu  the  fuU-?tt»  uoti.'*, 
'  portions  of  tho  rucal  ligaments    arc    thus    isoUtod,    aud 
.  made  to  vibrate  while  tha  rest  are  held  stilL     Tbe  question 
^Cinnot  yet  bo  settled ;  but  utiy  oue  in  tho  habit  of  nnging 
assure  himself,   both   by  the  diflluulty  of  passing 
ihly  from  one  sst  of  notes  to  tho  other,  and  by  lliu 
iwosesi^  of  exercising  himself  in  both  registers,  lest  he 
should  become  very  delJcieut  in  oue,  that  there  must  be 
'  w>in4  great  diU'ornDce  in  the  modos  iu  which  their  respoctivii 
[notes  are  produced. 
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The  Atrenf^  of  the  roice  depend*  partljr  <m  Um  dtgne 
to  «htcli  thn  ro(^al  oorda  can  be  made  to  Tibnte;  aad 
portijr  on  thio  fitnoss  for  rennuira  of  th«  membnow 
^and  cartilages  of  llie  laiTiix,  of  the  iMiietm  of  th«  tkmo, 
ntigv,  and  cnvitiM  of  tlio  inoutlt,  ncwtriLi,  and  cofsntUBi- 
cating  sinuses.  It  is  diminished  hy  anytlim^  irhiA 
interferee  irllh  guch  capability  of  vibration.  The  inteiuit^ 
nr  loitdnoM  of  a  givMi  noto  with  mainlonaiiM;  of  tlu)  noe 
'  pitch,'  cAimot  be  Tendered  greater  by  merely  iuicmst&g 
the  furt'O  of  tlie  ciirreut  of  air  through  the  glottis;  tar 
incnxuo  of  tho  force  of  thu  ciurmt  of  air,  taierU  parihM, 
raises  the  pitch  both  of  tba  natural  and  the  fidsetlo  mMm. 
Yet,  since  a  sin^fcr  pOMwaM  tha  |Kin'cr  uf  iDcrcasing  Iht 
loudness  of  a  note  from  the  faintest  'piano*  to  'fbtlii- 
aimo'  v-iOtotit  iu  pitdi  being  altered,  there  must  be  Mine 
iDMns  of  coTDpensating  the  tendency  of  the  vocal  eotdi 
to  emit  a  higher  note  when  the  force  of  the  cuirent  of  ait 
is  iiK-roasod.  Tliis  moans  CTidsntly  oonxials  in  modi^ing 
the  tenaioQ  of  the  vocal  oonls.  When  a  note  b  rendoced 
Itiudnr  and  more  iut«UM,  tho  voeal  corda  must  be  i«tas«d 
by  rcmiMion  of  the  musctilnr  action,  in  proportion  as  tW 
force  of  the  current  of  the  breath  ttuougb  the  glottis  is 
incntused.  ^\'h(ui  a  note  is  rendered  iaiiiter,  lite  reverse  of 
this  must  occur. 

Tlie  anhet  of  the  palaU  and  th*  uvtda  become  oontiaettd 
during  the  formation  of  the  higher  :i»tM>;  but  tlicir  ooii> 
traction  is  the  same  for  a  note  of  given  height,  vrbetlMT  it 
be  liJiietto  or  not ;  and  iu  either  case  the  arohea  of  the 
pidnto  may  bo  touched  with  tlie  litiptr,  without  ihe  now 
being  altered.  U'tieir  action,  thei'efore,  in  the  x^'^O'^^'^ 
of  tlid  liigher  notes  seems  to  be  merely  tiie  retniU  of  inrolua- 
tary  associate  nervoas  action,  excited  by  the  vohinlarily 
iatTeased  exertion  of  the  musolea  of  the  larynx.  If  the  palo- 
tinn  ari^hns  contribute  nt  nil  to  tlie  pn}dui:tioa  of  tli«  liigher 
notes  of  the  nattiral  voice  and  tlie  felsetto,  it  con  only  be  Vy 
their  tiureiLied  tension  etreiijiitUvtiiug  tho  r«ouam«. 
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VARIETIES  OP  VOCAL  T0yE6. 

Tho  oflioe  of  the  ventricUs  of  ike  laiyitx  i»  ftviJoiillj  to 
aflbnil  «  froo  sptm  for  the  vibratioas  of  the  lipa  of 
tbs  glottia;  they  may  be  comitued  n-itli  the  cavity  at 
the  commoucemviit  of  tho  mciiitli-piooo  of  trumpets,  which 
allowi  tho  ireo  vibration  of  the  lips. 

sPEr.cu. 

Besides  the  musical  tones  farmed  in  die  lu^nx,  a  gnat 
numlicr  nf  othitr  aauiidN  ciin  bo  pro(lui.i>d  io  tho  vocal  ttibee, 
botween  the  glottis  and  ihe  external  apertures  of  the  air* 
jMssaged,  tho  combtimlion  of  wliidi  aouuds  iiito  diflereut 
grouiM  to  dongoato  objoctK,  propcrtiois  actions  «tc.,  con- 
sdtutea  Uuiriuaije.  The  lan^^iiuigea  do  not  employ  all  the 
sounds  wliidi  can  bo  prodiioed  iu  tliia  niaiiDcr,  tho  L-om- 
bimttioD  of  eomo  vith  otbera  being  often  difficult.  Thom> 
toiuds  which  are  eaay  of  combination  enter,  for  the  moac 
port,  into  tho  fumiution  of  tho  grvnter  number  of  Ion- 
gVflgM.  Each  language  contains  a  certain  number  of 
nich  Muuda,  but  in  no  one  ore  all  brought  together.  Ou 
tbe  oontrary,  difforont  languages  are  characterised  by  tho 
fvoralence  in  them  of  certain  classes  of  these  soiuiils,  while 
others  an  leae  frequent  or  altogether  iitisent. 

The  sounds  produced  in  speech,  or  nnieultite  loundt,  are 
oommonly  divitlii]  into  vtnveU  tuul  eonionantt ;  tbe  dirtino* 
tioa  between  which  is,  that  the  sounds  for  tho  foi-mor  aro 
gODcratcd  by  the  lurj-ux,  while  those  for  the  latter  are  pro- 
duced by  iuteiTuption  of  the  torrent  of  air  in  koiou  part  of 
tho  air-paasft^B  above  tho  laryns.  The  term  contionant 
has  been  givpn  to  tlieae  lieruuse  severitl  of  tlii-m  are  not 
]>TOperly  sounded,  except  cotuonaiillij  icith  a  von-cl.  Thuo, 
if  it  1)0  att4-iiiptcd  to  pr(>uouui«  aloud  the  consonants 
b,  d,  itni  g,  or  their  modilicAtiou«,  p,  t,  k,  tlie  intonution 
ouly  follows  them  in  tlieir  combination  with  a  vowel. 

To  ncogniso  tlio  rsscntinl  pni^ierliMi  of  the  urticulatu 
Wd  must,  according  to  MiiUor  first  examine  them 
M  tboy  aro  produced  ia  whispering,  and  then  iuveatigato 
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which  of  th«m  can  oIm  bo  ut(i:vrxl  id  n  modifivd  duinctv 
oanjouatxl  v'tib  loc«i  tone.  B;  ihU  procedure  we  find  two 
tarim  of  soiinilit :  in  on«  tlio  aouuits  aro  mute,  und  cannot 
be  attend  with  a  vocal  tooo ;  the  sound*  of  tho  otiicr  maim 
can  be  formed  iodepeadeDtly  of  Toioe,  but  ai«  also  oapaUt 
of  being  uttcKxi  in  conjunction  vilh  tt. 

All  the  vowels  con  bo  expt«esed  in  k  whiq>er  witluMt 
Tocnl  toiiR,  that  !»,  mululf.  Theee  mute  vowel-aouadi 
differ,  hovever,  in  eomo  measure,  as  to  their 
production,  from  tbe  oonaommls.  All  the  mut«  oon 
are  formed  in  the  TO(«l-tube  above  tho  glottis,  or  in  the 
cavity  of  the  mouth  oi  nose,  by  the  mete  rushing  of  th« 
air  facitweeu  the  aurfiLocs  dlBerently  modified  in  dispositioo. 
But  the  sound  of  the  vovele,  even  when  mute,  has  its 
eKmn^!  in  tliu  gloltiii,  though  il«  tdooI  cords  are  not  thn>«B 
into  the  vibrations  necessary  for  the  production  of  voice; 
and  the  sound  seems  to  be  produced  by  the  paaeaga  of  tha 
cutrent  of  nir  bntwoon  the  rclnxcd  vocnl  cords.  The  nme 
vowel  sound  can  be  produced  in  the  hin-nx  when  Hie 
moutlt  is  dosed,  the  nuslriU  Iwing  opnu,  and  tlio  uttoTWm 
of  all  vocal  tone  avoidod.  Tliis  sound,  nheu  the  mouth  it 
open,  is  so  modified  by  varied  fonus  of  tlio  orul  cuvity,  at 
to  aaaume  the  chaructcrs  of  tho  vowels  a,i,o,u,m  iH 
their  modifications, 

The  cavity  of  the  mouth  ussumce  tlie  nme  lurm  for  tho 
articulation  of  each  of  tho  niute  voirels  as  for  tbe  cor- 
retipoudiai;  vowel  when  vocalized;  tbe  oidy  diiri;nnK«  in 
the  two  cases  lies  in  the  biud  of  souud  emitted  by 
the  larynx.  Krant2en»tein  and  Kempeleu  have  iMinud 
out  tliat  tbe  coiiditioiiK  uucvKxtiiy  for  ubauging  odo  and  tbe 
Kfunc  sound  into  tho  diiTereitt  vowels,  are  diSerencea  in 
the  size  of  two  parts — the  oral  canal  and  the  oral  opening; 
and  the  taaio  is  the  «iso  with  n-gonl  to  tiic  mute  voirelSi 
I)y  onU  canal,  Kempelen  means  here  the  space  between 
tbe  tongue  and  palate :  for  lliu  prmtunciation  of  cartaiii 
Tovela  both  lite  opening  of  the  mouth  and  the  space  jail 
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tncntioDod  ar«  videoed ;  for  the  pronunciation  of  otltcr 
▼owels  both  ore  eoutrucrtoil ;  nnd  f»r  others  one  is  viAn, 
'  the  otiwr  Gontntct^d.  Admittia^  fire  degrees  of  bIw,  botli 
of  th«  opaniog  of  the  mouth  luid  of  tha  BpMe  betn-eon  tl:» 
toDf^e  and  puliitc,  Kuinpdvn  thu»  state*  tho  dimennons 
of  tluMc  parts  for  the  foUoving  voiral  sounds  : — 


Soil  n  J. 

*  nnmti ' 
'  themo' 


Siwof  oral  opcaiu;;. 
S 

4 
3 
s 
t 


Sin  or  oral  causL 
3 

2 
I 

4 

s 


AnottKT  importnnt  distinctioa  in  articulate  sounds  is, 
that  the  utterance  of  some  is  onljr  of  inoin«ntary  diirntion, 
tftking  place  during  n  sudden  change  in  tho  conformation 
of  the  mouth,  and  being  incapablo  of  iirolonj^tion  by  a 
coDtinucd  »xpirutii>ii.  To  Uiis  ctoos  holoii);  h,  p,  A,  anil  th» 
]iard  -7.  In  tho  uttcrnnco  of  oth«r  coDsooonts  the  sounds 
may  be  eonlinuaut:  they  may  be  prolonged,  ad  libitum,  as 
long  as  a  particular  dinpositiou  of  tlic  mouth  and  a  «ons(anl 
expiration  are  maintained.  Among  these  consonants  nro 
h.m.n,/,  f,  r,  {.  CorresiMnding  difforenoes  in  respect  to 
I  tha  time  that  may  bi^  iicciipiod  in  their  utterance  nxist  in 
'  the  <n>weI-souDdB,  and  principally  constitut«  tho  diflorcnces 
of  long  and  tdiort  sylUblea.  Thus,  the  a  as  in  "  far  "  and 
"  fate,"  the  o  n*  in  "  go  "  and  "  fort,"  may  be  indefinitely 
prolonged ;  but  the  same  vowels  (or  moro  properly  diiforent 
TOwels  expressed  by  the  same  letters),  as  in  "can"  and 
"  fact,"  in  "  dog  "  and  "  rotten,"  ciuiiiut  be  prolonged. 

All  sounds  of  the  first  or  wci>lo8ive  kind  tini  insusc»i>tibU 
of  combination  vith  TOcal  tons  ("intonation"),  and  are 
|Bbsolut«Iy  mutit;  nearly  oU  tlie  eousouauta  of  the  second 
for  coDtiliUous  kind  may  bo  attended  with  "  iutomitioii." 

Tiie  [lecuUarity  of  Gpeakiug,  to  which   the   term    wn- 
^trUoquitm    is   iipplioil,    appears    to   couidst    merely  in  the 
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▼aided  tnodifi«*tioD  of  the  eouods  produced  in  tLc  Umtx, 
id  imilAlioo  ot  Hw  niiMliiUvtions  irtiicli  roice  offdiiunlf 
RufT^rs  bxtTa  distance,  etc.  From  the  obaerratiooa  of  IJBl- 
W  and  C-Vrtombat,  it  fMwms  tliot  iliu  nxMiiitinl  in«chaiii«I 
puu  of  tha  piocma  of  TentriloquieiD  ooosist  in  tsJoBg  > 
full  iDSpiration,  then  keeping  the  mosclea  of  the  ciiMt  aai 
neck  fixed,  and  speaking  with  the  mouth  almost  doMd. 
(uid  llie  lips  and  lower  janr  as  nmtUxiliwii  aa  pombk,  wbtl* 
(ur  i«  rety  stonl;  expired  through  a  vary  narrow  glottli; 
care  being  taken  alMi,  that  none  of  the  expired  air  panct 
through  llie  now.  liut,  aa  oliw-TVcd  hy  Miillur,  mnrlxf 
the  Tcntriloiiiuiit's  iikill  in  imitating  tho  toicm  coming  fma 
I>aTtic-ulnr  directions,  consists  in  deceiving  other  aenaea  thaa 
hearing.  We  lurrer  dislingiiitOi  veiy  readily  tho  dinetlM 
in  vhif^h  wounds  roach  our  oar ;  and,  when  our  atttotiw 
b  directed  to  a  particuLir  point,  our  tmaginaliou  is  vxj 
^t  to  Tt'fer  to  that  point  whul»ver  sound))  wo  may  luar. 

Tlie  touguo,  which  is  osually  credited  with  Ute  power  af 
Bl>eeGb, — lani/uitys  and  speech  being  often  vmplortd  u 
itynonynious  tonus— plavs  only  a  subordinate,  althoagh 
very  important  part.  This  ia  well  ahov,-u  bj  <uum  in  which 
nearly  lht<  vhole  organ  bait  been  Teinored  on  aceoual  of 
disease.  I'ntients  who  recover  from  this  operutuHi  tiJk  in- 
perfectly,  and  their  voice  js  cxiuaiilLTubly  modified  ;  but  Ihr 
lom  of  Kperch  ta  ronfiucil  to  those  letters,  in  the  proauneii- 
Iton  of  which  the  tongue  U  coucomed. 


CHAPTER   XIX. 


THE   SEXBE8. 


Sbxsatioh  consisia  in  the  mind  teo^ring,  tlirongh  th« 
medium  of  the  nerrous  aystam,  and,  usually  as  the  retult 
of  the  action  of  an  external  cause,  a  kmnrledgv  of  certain 
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qualities  or  conditions,  not  of  external  bodies  but  ot  tbo 
tierrfa  of  mdm  thftinju^rca ;  and  IhoM  qualitiM  of  tha 
of  moM  an  in  nil  difforent,  the  nom  of  eacb  aeoM 
its  own  peculiar  quality. 

Then)  an  two  principal  kinil*  of  MsiMition,  nainod 
Bomtaou  and  s|>ecinl.  'l~he  first  is  the  conseqnenoe  of  the 
ordinoty  nnn.iiLitlit}'  or  focling  possesHid  by  nosl  jMuta  of 
tli«  body,  and  ia  manifEVted  whon  a  port  is  toucbcd,  or  in 
any  ordiiuu;  manner  is  stiiniUatad.  Aooording  to  the 
etimultu.  the  mind  porceiroa  a  Rpnxution  of  beat,  or  i»ld, 
of  pain,  of  the  contact  of  bard,  soft,  smooth,  or  rough 
objucta,  «tc.  l-'rom  this,  also,  in  morbid  Ntatmt,  tlie  mind 
pemivea  itching,  tingling,  burning,  aching  and  the  liko 
.ttoua.  In  its  grcntost  perfn<:lioii,  comiuuu  aouaibiUty 
tes  touch  or  fact.  Touch  is,  indeed,  usually  cloned 
Qw  special  aeuses,  and  will  bo  considerad  in  the  same 
group  vith  tliom;  yot  it  diftcra  from  thi''Ri  in  bning  n  prci> 
peity  common  to  many  nerves,  e.g.,  all  the  sensitiro  spinal 
tierres,  the  pnoumogastric,  gloftBO-pbanrugentl,  and  liftlt 
oefobral  narvx,  and  in  its  improceions  being  communicable 
tbiouitb  many  organs. 

lodudiug  the  senw)  of  toudi,  tlio  ipeeial  aenaea  ore  fiTo 
in  uumtxir, — tho  senses  of  eight,  Itnaring,  enicll.  taste, 
and  touok  The  muuifcatation  of  each  of  the  first  tliree 
depends  <m  the  existence  of  a  apvciid  n«rve;  the  optic  for 
ptkn  sBBSe  of  ught,  the  auditory  for  that  of  liearing,  and 
olfactory  for  tliat  of  nniclL  The  wtnao  of  tastv  apiMiani 
to  be  a  property  common  to  brunches  of  tho  fiflh  and  of  the 
gloaeo*pharyngeal  nervoa. 

The  sensee,  by  rirtuo  of  the  peculiar  properties  of  their 
aoveral  nem^,  make  lu  aequalnted  with  the  statca  of  our 
own  body ;  and  thus  indirectly  iolomi  us  of  mch  qnalitiea 
and  ehangoa  of  external  matter  as  ean  give  rise  to  changes 
in  the  vcmdition  of  the  nerres.  That  wliich  through  tho 
medium  of  our  senses  is  actually  perceived  by  the  mind  is, 
iadoed,  merely  a  proper^  01  change  of  condition  of  our 
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sirvm;  but  tho  luiml  u  aocurtoi&ed  to  interpret  thorn 
modificatknis  in  iIm  state  cf  the  nema  produced  Lj  sxtonal 
iafluODOM  u  proitertie*  of  tine  oxtenuil  bodies  thmoMlm. 
'I1u«  mode  of  K-garding  tMnwations  is  ao  habitual  in  She  OM 
of  the  •ooMs  wbii-h  are  more  rarel;  oSocted  by  inbttnU 
couMi,  that  it  is  onljr  on  reflection  thftt  we  perceive  it  to  he 
etnmcoiu.  In  tlie  case  of  the  sense  of  feeling,  oo  the  oon* 
btmy,  whore  many  of  Ibo  p(«uliiir  MnmtioDs  of  the  neme 
penwved  bj  the  sensoriuiu  are  cxcdiod  as  frtw^ucaitlj-  ij 
internal  as  bj  cxlfirniil  caiiMS,  wo  raoro  Ttmdily  aj^rdnad 
the  Huth.  For  it  is  eft«ly  coDoeired  that  the  fueling  <A 
pain  or  pleaaure,  for  oxantfJev  ■"  do*!  to  a  conditSoa  of  ifae 
nervofl,  and  Ls  not  a  propoity  of  the  things  which  excilo  tL 
Wlint  in  true  of  tltose  is  true  of  all  other  Muuelioos ;  the 
tnind  pervoivos  ronditions  of  the  optic,  olfaetory,  and  other 
aerraa  spedlloally  different  from  tliat  of  their  stut«^  of  rest ; 
these  condition*  maj  be  excited  by  tbu  oontiivt  of  exlemal 
objects,  but  tlipy  may  also  be  tlio  coa»«()ueaoe  of  intmul 
duuijK^ :  in  tbe  former  case  the  uJud,  having  knowledg* 
of  the  objuvt  througrh  either  instinct  or  instruction,  IS- 
cc^piiM*  it  by  the  appropriate  diangce  whidi  it  produon 
in  the  state  of  the  nerves. 

The  spodal  susecptibllity  of  the  different  nerres  of  sense 
for  certAin  inHueDces, — as  of  the  optio  nerro,  or  rather  its 
cciitri),  for  Uj[lil;  of  the  auditoiy  nerve,  or  centre,  fcr 
TibniliiwH  of  the  air,  etc.,  and  so  on,-^s  not  due  entirely 
to  those  oervp«  liaving  each  a  specific  irritability  for  mch 
influences  exdusively.  For  although,  in  tlie  ordinsiy 
events  of  life,  tlto  optic  nerve  i*  excited  only  by  tbe  undu- 
lations or  emanations  of  which  light  may  consiKt,  the  audi- 
tory only  by  vibratiuiix  of  tbe  air,  and  tho  oUhctory  only  hy 
odorous  pnrticles — ^yot  each  of  these  nerves  may  faav«  its 
peculiar  properties  called  forth  by  other  condttioos.  Is 
fact,  iu  whatever  way  and  t»  whatever  degree  a  oerre  tt 
npiH^ial  eenso  is  stimulated,  tlie  senaatiou  prodnced  ii 
essentially  of  the  same  kind ;  irritation  of  tbe  optio  nen* 
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inrariaMy  producing  ft  Miuatioii  of  light,  of  llio  auditory 
ncrvxi  a  aeDsation  of  mmoo  mofUGcatioQ  of  sound.  The 
phenomenoa  must,  therefore,  ba  oavribed  lo  a  pvcultar 
ijoality  belonging  to  wu-h  urtto  of  Kpccial  soiwo.  It  has 
been  HuppoAod,  indcerl,  that  irritation  of  a  nerrg  of  special 
aeuae,  when  oxc«Miv«,  moj  |>roduco  pcun ;  but  experiments 
seetn  to  have  proved  that  none  of  these  Dervea  powMM  the 
tkailly  of  <!Oiiimoii  iwiiubility.  ThuA  MugMidio  obaorved 
that  nhca  tho  olfactory  ncrvM  Inid  hare  in  a  dog  wore 
lirukeO,  no  nigOH  of  pain  were  manifested ;  and  other  ex- 
lieiiments  of  his  sccm'td  to  ahow  thut  both  tho  rotiiui  and 
uptic  nerve  are  insusceptible  of  pain. 

Ext«miil  i[ii]in!ssioos  on  a  nerve  con  give  rise  to  no  kind 
of  nDsation  vfaich  ciumot  ftlso  bo  prodacod  faj  iat«mal 
cmaoa,  exciting  changes  in  the  condition  of  the  same  nerve. 
In  the  coao  of  tlio  iieiuie  of  touch,  this  is  at  onoe  evident. 
ThiB  BensatioDs  of  tho  ncrvns  of  biuch  (df  common  wnsi- 
bility),  excited  by  causes  acting  from  without,  are  those  of 
oold  and  honi,  pain  and  pleniiure,  und  iuntuuerable  muditi- 
oations  of  these,  vhicli  haw  tlic  %atno  kind  of  jRonsiition  as 
their  element.  All  these  sensations  are  constantly  being 
produced  by  iiit«rniil  caum'n,  in  nil  purto  of  our  Iioily  i>n- 
dowwl  with  sensitiro  norv(«.  The  eciisations  of  the  nerves 
of  touch  aro  thun-fc>re  alatus  or  <jual!ties  proper  to  lhem> 
selvee,  and  merely  n^ndon^d  mimifoKt  by  oxcitisg  causes, 
whether  external  or  iutemnl.  The  sensation  of  smell,  also, 
may  be  perceived  independently  of  tho  application  of  any 
odorous  aubetance  &om  without,  through  the  inllueuoo 
of  KUDO  internal  condition  of  tlic  nerve  of  smell.  Tho 
•WMBtionsof  the  sense  of  vision,  namely,  colour,  light,  and 
darimom,  are  uloo  oftedt  jutroeived  Independently  of  all 
external  exciting  causes.  So,  piI»o,  nhcnmror  the  auditory 
Dorve  ii«  in  a  at^to  of  excitement,  the  sensations  peculiar  lo 
il^  as  tho  Kounds  of  riiigiiig,  Iiuuiming,  etc.,  are  perceived. 

The  same  cause,  wfaother  internal  or  extomol,  excites  in 
die  dilfcrent  aenaea  dlQ^rant  eenrationsi  ta  each  sense  the 
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MOSfttioas  peculiar  la  it.  For  iiiataiico,  on«  uaifanii  inUnul 
oaiun,  vhidi  ma;  act  od  nil  tho  nervm  of  the  eeoMa  in  the 
MBDM  mKOBBT,  is  Iho  ooiumulatkHt  of  blood  in  tlieir  npEl* 
laty  TMMla,  u  in  coiig««Uon  nnd  inflaoiinnrion.  Hiu 
one  caaae  axcitoe  in  tho  mtiua,  white  tlie  Fjres  are  doaed. 
the  aanaaliona  of  light  and  lunuDOus  flaabw ;  in  tbe  sit£- 
tory  Durvo,  tho  ■onttJon  of  humming  and  ringing  aoaiub; 
ia  the  olbctoijr  nnrro,  tbs  mom  of  odour* ;  oad  is  Ihe 
natvce  of  feeling,  the  sensation  at  ptun.  In  the  asme  wtj, 
■bo.  a  nanotiv  aubitanoe  introduced  into  the  blood,  cxdtw 
in  the  nervee  of  onch  Mmw  peculiar  i^mptoma;  in  Iba 
apUo  Deme,  tbe  appeanooe  of  iununoua  a|>ariu  bebn 
lite  tyt»  i  ia  tho  amlitoty  nerraa,  "  UimititH  oorium" ;  od 
in  tho  oommon  wmiHtivo  Damw,  tho  imtisation  of  atn^iag 
over  the  surface.  So,  also,  among  esiemal  caaaea,  the 
Htimuliu  of  eleotrtcIt;F>  or  the  uiechauioBl  infiuonoo  of  ■ 
blow,  concitnion,  or  imwuio,  excites  in  the  eye  the  staiw- 
tioQ  of  iigbt  and  colours;  in  the  ear,  a  senaa  of  a  load 
nounil  or  at  ringing ;  iu  the  toaKU<^  a  mlinfi  or  add  fanCt: 
and  at  the  other  parts  of  the  body,  a  peraeption  of  pecvliir 
jarring  or  ot  tlie  iniicliajiieal  impieesion,  or  a  shoc^  like  il. 
AltJioui>h,  in  the  cas^s  just  leferted  to,  and  in  all  «£• 
nary  <.-oitditiuu«,  mnsations  are  dfirired  from  peculiar  ««- 
ditions  of  tho  n«ni)»  of  sonsa,  whotbor  excited  b;  extenil 
or  by  internal  causes,  yE<t  the  mind  may  have  the  sum 
Hensfttiona  independently  of  ohangea  iu  tho  ounditioiu  cf  i^ 
loaat  tho  poriph«ral  iMrtiouB  of  the  seront  nerres.  sai 
even  independently  of  any  oonnectiou  with  tho  sotsnul 
orgtras  of  the  een8«a.  The  cauaee  of  such  sonsattoas  vt 
He«tctd  iu  the  ports  of  tho  brain  in  which  tho  seroral  nerves 
of  sense  tonninato.  Thus  pressure  on  (he  brain  has  beta 
observed  to  cause  tbe  sensation  of  light :  himlnous  vpsctn 
may  be  excited  by  internal  causes  after  complete  amaurosis 
of  tho  rotiiia :  and  Humboldt  states,  that,  iiL  a  man 
bad  lost  one  eyu,  he  producod  by  moans  of  gali 
luminous  appearances  on  the  blind  side.    Many  of  Qu 
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various  m«Tl>id  oensatioDa  aCtoDding  dlaeaaet  of  thi>  brain, 
tLo  riuon  oT  n{>cctni,  mid  ttu^  like,  ore  of  Uie  eame  land. 

Agtdn,  although  the  immediate  ohj«ots  of  the  i>ttrc«ptiovt 

of  mxr  iMtitt:»  nre  mtrntly  particular  ststee  jfi'ltifwl  ui  tli« 

ii«rv«s,  and  felt  aa  BensatioDs,  ret,  ituumuch  at  the  ncrrw 

of  Iha  seuacs  are  DiatiTiul  IfodicK,  anil  thorcfiiro  participots 

in  thn   proportiM  of  matter  g«iwnlly,  oocupyin);  space, 

bemg  eusceptible  of  vibrstoiy  notion,  and  capaUo  of  Efcing 

Tariouftly  (^hanged  ehmnicoUy,  nit  well  a«  b;  the  action  of 

lioat  ttnd  rlovtrid^,  tiurf  mnko  knon-n  to  thfl  miiid,  bj 

Tirtue  of  th«  diHierent  dwngea  Ihus  produced  in  tkinn  by 

extenial  cause*,  not  merely  their  own  condition,  but  also 

I  of  tho  difforont  properties  and  changes  of  oondition 

tlemal  hodiea ;  as,   t.y.,  _  progresaiTe   and  tranuloiu 

ItDOtJon,  «lientical  cluuige,  etc.     Tho  inibnniition  oonocming 

[  external  nature  IhiL's  obtained  hy  the  eenses,  varies  in  each 

I  wttM,  having  a  reluliuu  to  th«  peculiar  qoalitic*  or  eocrgica 

f  of  the  nerve. 

The  MitMt ION  «/ matfon  ia,  like  motion  itself,  of  two  kind§, 
f'  -prognaMiivo  and  vibrator^'.  The  faculty  of  the  percep- 
tion of  progrecrive  motiim  is  pownteetl  cliietly  by  the 
Mnsea  of  vision,  touch,  and  taste.  Thus  an  imptvsaion  is 
peivoivod  travdlling  fruin'oue  part  of  the  rt^tina  to  another, 
and  the  morenieiit  of  tho  imngo  i*  iiiti^irct^'d  hy  tho 
mind  as  the  motion  of  tho  object.  The  same  is  the  c-ose 
in  th«  waue  of  touch ;  so  also  the  movemcitt  of  a  sensation 
of  taste  over  the  surface  of  the  organ  of  taste,  eon  bo 
reoognixed.  The  luotion  of  tremors,  or  vibnvtions,  is 
perceived  by  several  senses,  but  especially  by  those  of 
hearing  and  touch.  For  tho  sense  of  hcnriiig,  vibrations 
wiustitule  the  ordinary  stimulus,  and  so  give  rise  to  the 
potception  of  sound.  By  the  sense  of  touch,  Tibralions 
ore  perceived  as  tremors,  occnsionally  attended  vrith  tho 
general  impresaiion  of  tickling;  for  instance,  irhen  a 
[  vibrating  body,  such  rut  n  tuning  fork,  is  approximutod  to 
sensible  part  of  the  surface,  the  eye  can  eomntuni- 
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cato  to  thft  mind  Ibe  image  ot  a  viliraUnR  bodv,  nnd  no 
ilifitingniali  tbo  TJtmttODa  when  tlioy  an!  Tory  idow  ;  it  m*j 
ha  also  that  the  vibrations  aie  ootDmunicati^l  to  tho  o^ 
as  to  the  audilorj  nftrve  in  bucL  a  manner  that  it  npcaB 
th«m,  or  rwwiWB  thffir  impiiln*. 

We  ore  mado  acquainted  vith  tJ>emieal  action*  prinripaCr 
by  ta«to,  smeU,  and  touch,  nod  \tf  each  of  these  amuei  ia 
di«  iDoda  proper  to  it.  V'ohiliia  IxHlirM  dixtur^iing  tK* 
oonditioas  of  the  nerves  hy  a  chemicsl  action,  exert  t&H 
greatest  iofiuence  uixtn  th«  organ  of  smell;  and  tuiir 
maltuTH  act  on  that  aenM  irhich  pn>duc«  no  impraaHM 
iqKiD  th«  o^aiM  of  ta»^  and  toiooh, — for  example,  tMSjr 
odonnu  tnbrtaaoea,  as  the  rapaar  of  metala,  Buob  m  1«^ 
and  the  nqionr  nf  mnnj  niinerahi.  fiomo  rolatih  n^ 
ttances,  how«v«r,  an  perceived  not  only  hy  the  sense  ft 
•mell,  hut  also  hy  the  eenaea  of  touch  and  ta»te^  praviM 
they  ore  of  a  nature  adaptnd  to  disturh  cfaemicolly  tb) 
condition  of  thoee  organs,  and  in  case  of  the  or|;;aQ  <£ 
taate,  t»  be  dissolve  by  the  fluids  ouvi^nng  it.  Thus,  Ike 
vapours  of  horM-radiah  and  mustard,  ami  acrid  soflt- 
oadng  gasea,  act  upon  the  conjunctiva  and  the  ttwou 
membrane  of  the  luugs,  exciting  through  the  raiainBO 
mntivn  ncrviTS,  merely  modilicatioru  of  common  feetiiig; 
and  at  the  eatne  time  they  excite  the  aenaattone  of  smS 
and  of  t«i»te. 

Sensations  nro  referred  from  their  proper  seat  to««idi 
the  exterior ;  but  this  ia  ovin^,  not  to  aiiytliing  in  Ih* 
nntiiro  of  tlio  natvo*  tli<nuMcIvcji,  but  to  the  accomponpag 
idea  derived  frnm  experience.  For  in  the  peiceplion  of  wi< 
satloos,  there  is  a  conbioed  notion  both  of  the  mind  and  «f 
the  nerves  of  aense ;  and  the  mind  by  education  ur  expcri> 
eiM-e.  has  learned  to  refer  the  impressions  it  lemivea  to 
objrcts  esterool  to  the  body.  Even  wlmu  it  derirae  iinptee- 
BioDB  from  iiitemttl  (»»«««,  it  commonly  refers  them  to  ex* 
terual  objects.  Tfie  light  perceived  in  congestion  of  the 
lotina  eeeme  external  to  the  body :  the  ringing  of  the 
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in  diMnse  ia  felt  aa  if  the  Mmnd  eamo  from  •omn  ilintnncfl  : 
,tlw  mind  mfttrriiiK  it  to  tho  outer  w[>rld  from  which  it  is  ID 
Ixbit  of  rocoiving  the  like  impression. 
JiIoieoTcr,  the  miod  not  only  pumHTos  tlio  Miientioii», 
and  intor[iri:ti  ihcm  iict^ordisg  to  id«iia  preriously  obtained. 
l>ut  it  liiu  a  din?ct  influence  upon  them,  imparting  to  tliuni 
iutonsil;  by  Eta  fdculty  of  attoution.    Without  MinultiuMioiui 
ktteation,  nil  Moaittioiu  are  only  obsciiroly,  if  at  all,  per- 
•Tvd.       If  thd  mind  be  torpid  in  i»dolL-ii<«,  or  if   tli« 
•(tontioQ  be  Tithdrmwn  from  tho  n«trv«4  of  mnao  in  in- 
nl  contemplation,  deep  BpecuUtioos,  or  an  inteow 
>n,  the  acuButiouti  uf    the  iierrAS    iniiko    no  improa* 
Mua  upon  the  mind ;  they  aro  not  perceived, — ^that  is  to 
aay.  they  are  not  communicated  to  the  conacioua  "  self  or 
with  90  little  iiitDUiiity,  that  thu  mind  in  unnblu  to  retain  tlto 
im]>rfjAion,  or  only  rtr-jlltii'tji  it  (nine  time  after,  when  it  ia 
freed  irom  the  preponderating  influcnoe  of  the  idea  which 
had  oecu|)ied  it. 

This  power  of  attention  to  tbo  MDwitinmt  drrivod  from  a 
eioglo  organ,  may  also  be  exercised  ia  a  aingle  portion  of 
a  sentieut  or^i,  and  thuH  enable  one  to  ditcem  tlta  detail 
of  whut  wotdd  othorvrisc  bo  a  single  Mnsation.  For 
exampip,  by  well-directed  attention,  one  eaa  dititinguiali 
each  of  the  many  tones  eimultunuoutdy  braittvd  bj  an 
OTchentnt,  and  cdu  eren  follow  the  woukitr  lone*  of  one  in- 
atxumoQt  apiirt  fr>>m  the  otlier  eounda.  of  which  the  impres- 
atons  being  not  attended  to  are  leas  vividly  perceived.  So, 
nlao,  if  <>Iu^  vndearoura  to  direct  attention  to  the  whole  field 
at  vision  at  the  lenie  time,  nothing  is  seen  distinctly ;  but 
when  the  attention  ia  directed  first  to  this,  then  to  that  part, 
ami  annlytea  tlie  detail  of  the  svnaatiou,  the  part  to  which 
the  mind  ia  directed  is  perceived  with  moio  distluctaeu  thou 
the  rest  of  the  same  teamtioa. 
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Hie  aeiiM  of  *iuoU  onliiuiriljr  Tociuirr*,  for  Its  exciteinesl 
to  A  etato  of  acdrity,  the  action  of  eztenuil  matten,  which 
action  producwi  certain  vluuif^iii  'm  llin  oUuctorf  nerre ;  ml 
this  n«rvB  is  stucoptiblo  of  im  infinite  Tuic^  of  (takw  ih 
pendeoit  on  tha  nature,  of  lh«  external  stimulua. 

The  fii«t  condition  cMAntiiil  to  tlu)  ttaim  of  Rmall  b  Urn 
existence  of  a  «peota]  nerve,  the  duinges  in  whose  cooditioD 
nro  porwived  as  seuaations  at  odour ;  fbr  uo  otiict  turn  it 
«apftl>)o  of  theM  snoMtiotts,  ereii  though  acted  on  by  th* 
Mue  causee.  Tine  eanie  aaletance  wbioh  excites  tlie  sen- 
flatioD  of  nnell  in  the  olfiutoiy  norea  nay  cnnse  snollitr 
peculiar  sencatioD  through  the  norrcs  of  taste,  and  majpKi- 
duoe  an  irritating  and  burning  sensation  on  the  Derrca  of 
toudi;  but  Ui«  sensation  of  odour  in  yoliiepanfe  and  ditfoK 
fh}in  them,  though  it  may  ho  simultaneoualy  perocdnd. 
Tb«  second  condition  of  smell  is  a  peculiar  state  of  the  oUac- 
tOT7  nanro,  or  a  pcvuIJur  liuuigD  pruduocd  in  it  hj  tt< 
stimulus  or  otWous  substonoe. 

The  matorial  causes  of  odotUB  an,  osuallr,  in  the  cats  o[ 
uninuil.i  living  in  ttte  air,  either  aoUds  uatiiitaiei  in  a  tUbb 
of  extremely  £u<)  division  in  the  ntmosphont ;  or  gascoo* 
exhalations  often  of  so  subtile  a  nature  that  they  can  Iw 
detected  by  no  other  re-agcmt  tJiati  the  aeiise  of  sm^  iti^. 
The  matters  of  odour  must,  in  nil  ouoe,  bo  dlsMtTod  in  the 
mucus  of  the  mucous  membrane  before  they  can  be  tmine- 
diatiily  applied  to,  or  affect  the  olikctoty  nerrea;  tfaadtate 
a  fiirtbrr  condition  uectiuuiry  for  Uin  gwrcnption  of  odoun  11. 
that  the  mucoiis  membrane  of  the  nasal  eavitr  be  motit 
Wh<!n  the  Schneidt-riuu  lULinbraue  is  dn-,  the  sonso  of  smell 
is  impairod  or  lost;  in  the  fint  stage  of  catanli,  vhn 
the  secretion  of  mueus  within  the  nostrils  is  leasened,  the 
faculty  of  porceiring  odour  is  either  lost,  or  lendered  vny 
impeifect. 

la  animuls  Uring  in  Qie  air,  it  ta  also  requisite  that  ti* 
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odorous  mutter  rbould  )m  imnnnittrd  in  a  ciirrvnt  tluough 
llie  noslrils.  This  is  effected  by  an  in^piratoiy  morvraont, 
duo  month  Iwing  doted ;  hence  we  Lave  voluntary  iofluenoe 
over  the  sense  of  nnell ;  for  by  inlomipting  nwpiretloB 
we  prereiit  tlie  iierception  of  odours,  and  by  repealed  quick 
inepintioii,  awisted,  es  in  the  net  of  tni^ny,  1>j  the  action 
of  tfa«  nostrils,  wa  render  tlie  imprcsaioQ  more  iuteiiM  (see 
p.  224). 

The  hunum  organ  of  emell  !»  onxmtiiilly  formed  by  the 
iilaxMDts  of  the  olfu-toiy  nerves,  distribuwd  in   minute 
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lUT&ngf^mt'Ut,  in  the  mucous  membnino  opvoriug  the  upper 
third  of  the  M>ptum  of  the  noao,  the  superior  turbinated  or 
^ongy  bono,  tho  uppor  part  of  the  middle  lurbinalod  hone, 
and  tlio  upper  wall  of  the  naeal  cavitiee  bonoath  tho  cribri- 
form pUloR  of  tlio  ethmoid  hones  (figs.  176  and  1/7). 
This  olfactory  region  is  corvrod  bj  oeUa  of  cylimirical  epl- 


*  Fix.  17&  Ntrruof  the  wptoniiiMi,  Mtn  ftom  th«ri],'hl  «'!e(lnim 
Sapp*y  atUr  HinchtsM  ukI  t>(ivnUU).  i.  — 1,  tliti  olfoftoiy  bnlb; 
I,  tlis  olftctory  n«rvivi  imnLiiij;  UiroiiRh  tliB  fcmmlna  of  llie  crilitiform 
plat^  anil  ilnmidin^  tu  be  distribulvd  uu  tiid  M'l'tani ;  2,  the  iiitcmiil 
r«  MTftol  tvi£  of  tho  ntuui  branch  of  th«  opblluiboic  nttve ;  j,  dmo- 
paliitLuc  norvM. 
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thalinm  not  provided  with  cUU ;  and  intoraporsed  iridi  Uim* 
urTHtTtTniltirflirifTiTnifnlltTtth  fintt pmoonnnft,  rnllnri  tAfmut^ 
oeUa.   11)(igr  an  luppotad  to  have  aoine  ooDaoctioo  with  Uk 

toininal  01ani«Dta  cf 
the  ol&etoi}"  num.  Tb* 
lower,  or  rafiratarj 
port,  as  it  is  called,  d 
the  niuul  foMan  u  tisid 
t^  cyli/tdrieitl  aliatti 
epitbellum,  except  k 
tbo  nigion  of  tlio  aga- 
trils,  vbere  it  ia  ipa- 

In  all  the  divlntw- 
lioD,  iJie  brandiM  nf 
tli»  olfiictno-  uerrea 
tain  mud)  of  the 
•oA  and  RnTtdi 
laiu  whidi  iltcttii^Ubn 
tlioir  tmulta  (as  the  ol&<1ot7  lobes  of  the  bnin  an>  callodj 
wtlhtQ  the  cranium.  Thoir  individual  filonutnta,  alao,  an 
pM-uliur,  morn  ri'»rTiib1iDg  those  of  th«  Mjmpathatie  wm- 
than  the  Slamrats  of  the  other  Miebral  oertm  do,  nx- 
taining  no  outvr  wliito  subataaoo,  and  Ixnng  fiady  gntnuUr 
and  nudeaMd.  Tlie  braodiea  tat  distri)>iit(>d  prinritttlljr 
in  (tloee  plexuses ;  but  the  nwde  of  tenniuation  of  ibe  fila- 
nenta  is  not  )^  satiafactorilj  doUrmiiiod. 


4 


*  Fig.  177.  N(irrNort)ieant«rw«IboftbMiualf«Me(rnnii  SuppFj 
'ifler  Utncilifslil  aud  LcrritU).  J. — 1,  bclwork  of  Iho  braDclio  of  tli< 
<>ir->(.'lory  nrrro,  demndiiig  upon  llio  rripon  of  the  mperiot  BudmUdlt 
tuf'biuutod  bDSM;  2,  dtcrn&l  twi)[  of  llio  clhmoiiiiil  bruicli  of  tht 
aasa.]  iivrvo ;  3,  »fiIiuia-[iaUline  fpiugliin  ;  4,  raniiiiiMlion  of  th«  anterior 
[uihtinc  nprrri :  5,  pntifrior,  Hud  6,  miiidlti  divUloriK  at  tlia  paUtlna 
urrvei ;  ;,  branch  lo  tli"  njpoa  of  llie  lurnior  hirliiiiat«il  \>ana ;  S, 
branch  to  tlin  iT;^nii  of  t]iv  miitriur  uid  middla  luttiiutml  boMs  i  9, 
uuu-jiolatinii  bnuicli  to  the  *eptum  cat  abort  [aAer  Shuptfl. 
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•nutn  of  taatH  a  derived  c3cr]iiciTi>l}'  thrmigli  llioae 
of  the  noHtl  rATitiM  in  Khich  the  olfaclor/  nerves 
dintributod ;    tlio   iKXtmsary    caritica    or  sinuses  com- 
DUnicDling  with  tbo  mutrils  *vvm  to  hnvn  no  rchitiuD  to  It. 
'  imprecated  with  tho  vnjKJUr  of  camphor  was  iiij«Rtcd 
DeecbHU)]iH  iuto  the  fruutul  mdub  thTuug^Ii  a  fisiulgus 
ling,  nnd  Itichimnd  injortdt]  odoroas  eubrtance*  iBtO 
antrum  of  Iligbmore;    but  in  neitber  case  VM  any 
IH-rt^eivcd  by  tlio  pnticnt.      Tho  piirpoaiNi  of  iheae 
tnunms  oppear  to  be,  tlint  tJie  lionet,  ncc^cmorily  Inrgn  for 
^the  action  of  th«  siuscka  and  other  porta  connected  with 
hem,  inay  bo  as  li);ht  us  ]Hiwiibl«,  aud  that  tliero  may  be 
I  room  for  tho  rp»onnni,t>  of  tho  nir  iu  vocaliniii^.     The 
'  purpose,  whith  is  in  other  bones  obtained  by  fillJi^ 
'  cavitica  n-ilh  fut,  I*  httut  attuiDod,  as  it  b  in  many 
ones  of  birds,  by  their  being  filled  with  air. 
All  purta  of  tho  nuaul  ciivitiea,  whullivr  or  not  tbey  can 
I  tlw  Mial«  of  tli«  ccnno  of  nmoU,  are  endowed  vitli  com- 
BCDDSibili^  by  the   nasal   I>mnche«   of  the  flnt  and 
:  diTiuons  of  the  fifUi  iit^rvu.     tlvuoo  tlio  iteiuMitioua 
ihl,  linnt,  itching,  lickUtig,  and  piUD  ;  and  tbo  smur- 
of  tenaion  or  pressure  in  tlie  nostrila.    That  theee 
I  oanoot  porform  tlio  function  <if  tho  ulfiidory  iicrrea 
1  prowd  by  cases  >a  whicli  tho  sense  of  wncU  U  lout,  whilo 
bo  nincous  membrane  of  the  noeo  remains  susceiptiblo  of 
Tartoua  modificatious  of  common  sensation  or  toudi. 
.  it  in  often  ditfirult  to  <lifitinguifili  the  sensation  of  mn^ 
r^m  that  of  more  feeling,  and  to  ascertain  wlint  beloiigft 
10  cu4^h  KOporatftly.     This  is  the  case  partictUarly  with  the 
■tions  oxcitod  in  tho  noun  by  acrid  vapourw,  an  of  ain- 
Dia,  horw-radish,  mustard,  etc.,  which  tesemblo  much 
>  aensatious  of  tbo  nerves  of  touch ;  and  the  difilcndly  is 
I  gT*ut«r,  when  it  is  rememherod  tliat  tlicae  ain-id  ra))aun 
I  nearly  the  same  action  upon  the  mucous  membrane 
tho  eyelids.     It  was  bt^cuusw  tlio  common  scnnihility  of 
nose  to  tbe«e  irrilating  substances  remained  afler  the 


oohl 
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destrucUon  of  t}i«  olbctor;  iwma,  that  Msgeodie  vaa  M 
to  beUevn  tin:  fifUi  nerre  migbl  Axeidaa  tlie  special  unua, 
Animola  do  not  all  equally  [MToaiTQ  tha  sanw  odonni 
du)  odoun  most  plainly  percuved  by  an  bwbivoroiu  anignl 
and  by  a  cankivurouj*  aaimal  ore  dilXeraat.  Tli«  Caiarnn 
have  th*  pover  of  dctoctiiig  mmt  accurately  by  tha  mnsH 
tbo  qteeial  pectiliarities  of  aniiDal  mattto^  and  of  tratk- 
ing  other  BDimala  by  tha  soeat ;  but  bara  apparantly  vay 
little  seoeibility  to  tha  otloan  of  planta  and  flovttt. 
IldTliTOKiiu  aaimals  an  peculiarly  eenattive  to  the  latter, 
and  IwTa  a  nairowcr  wtiidbllity  to  animal  udoura,  oapeeit^f 
lo  Bucli  aa  proc««d  from  other  individuals  than  their  on 
*{)Mi<Kt.  !tlau  ia  tur  iniiBrior  to  many  animala  of  bed 
olamM  in  rosixKt  of  th«  acut«niw*  of  nnell ;  but  bit  tfbaa 
of  Buaoeptibility  to  various  odoiiTS  vt  mora  uniform  ni 
axtvndod.  'flie  cause  of  tliia  diffennoe  lias  probaUy  it 
tbo  endowiDanta  of  the  cerebnJ  parts  of  tbo  oUiictgij 
apparatua. 

OpiKHwd  to  the  nnsatioo  4xf  an  agnoaUo  odour  is  Qai 
of  a  di«i4;T«eable  or  diagiiatbg  odour,  which  oorrtaponit 
to  the  aDOsationa  of  pain,  danliog  aad  diahannoiy  of 
colours,  and  dtsconaDoe  in  tbo  other  Mtnsce.  The  axm 
of  tbia  differenoe  ta  the  eSeet  of  different  odoun  b  m- 
known ;  but  ibis  much  i*  ocrtato,  that  odonia  am  plmsul 
or  offensive  iu  a  rebitive  aeuM  only,  for  maiiy  aiujult 
pBsa  their  exJatamoe  in  tha  midst  of  odoun  which  to  as  « 
highly  diaagTMable.  A  groat  diflaronco  in  this  tetpeet  ii^ 
indeed,  observed  amonget  men :  many  odouia,  gtma^ 
thought  agreeaUe^  are  to  sotae  peraons  iatobcabia;  uJ 
diffiirout  ]M»«oiM  doscribo  diff«ir«ntly  tbo  aeasatKilu  Uut 
they  severally  derive  from  the  same  odoioua  aubiU&uea 
There  seems  also  to  be  in  some  persons  an  inteiuibiliV  1>, 
certain  odoun,  comparable  with  that  of  the  eye  to  esrt^ 
colours ;  and  among  diftereot  peraona,  as  great  a  dilSarence 
in  the  acuteucaa  of  tlio  acniM  of  aincJl  a*  among  othen  tii 
the  itcutoncn  of  ught.     We  have  no  exact  proof  that  i 
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»bilion  cithnrtatmy  and  dfiiliaiTnDiij  caisfa  between  o^mirs 
«■  botVMv  colours  and  wiaiid«;  lbuu|;h  it  in  ]iic>l>iilil<!  that 
audi  la  tli«  CBM,  dnco  it  ccTtainl}*  is  to  with  irgtird  to  thv 
ncim  of  tneto ;  and  Bioce  euth  a  relation  u'ould  ai'count 
in  Mino  measure  for  tlio  diJTcTcut  di-gri'c*  of  pertvptire 
power  in  difTeront  person* ;  for  aa  Mmo  have  no  car  ftw 
muaic  (a«  it  is  Mid),  m>  others  hare  no  cl«ar  appreciation 
of  tli«  ittlation  of  odoura,  and  tlien^uiu  littlo  jikustira  in 
them. 

The  aenaations  of  tho  olfsctorj  nerree,  iitd«i>end«nt  ol 
lbs  «xt«mal  applicaiioo  of  odoroua  subatanc««,  bave 
]uth«Ho  been  littl«  studied.  It  has  hecn  fband  that 
aolutioua  of  inodorous  snlwtenc«a.  inich  as  aslts.  excite  no 
sensatioD  of  odour  when  injected  into  the  DoaiTils.  Tlio 
&i<.-tioii  of  ibe  <-!«4^trLc  macltioo  is,  hoirvrcr,  tntovn  to 
produce  a  emeU  like  that  of  ^osphoma.  lUtler,  too,  baa 
obeorred.  that  when  gslTanism  is  applied  to  the  orf^  of 
amen,  bcaldds  the  impulHA  to  sikh-xv,  and  Iho  tickling 
sensation  pxcitod  in  tbo  filaments  of  the  iifth  nerve,  H 
Mnell  like  that  of  ammonia  iras  excited  by  the  negatire 
pole,  and  an  acid  odour  hy  tlie  positive  pole ;  vLtclinvcr  of 
these  srtiMitionN  vii»  produced,  it  remained  constant  as  long 
as  the  circle  was  cloeed,  and  cbainged  to  the  other  at  the 
moment  of  t)i«!  circle  being  opi'jird.  Fmpicntly  a  person 
smells  something  which  is  not  present,  and  which  other 
persons  cannot  smell ;  this  is  vcr^-  IWqueut  with  nerroua 
people,  but  it  occuHioiioIlj-  happens  to  ovny  one.  In  n 
man  who  was  conMentlj  ccnecious  of  a  bad  odour,  the 

■  arachnoid  was  found  after  death,  by  MM.  CuUerier  and 
^fnigncutt,  to  he  be»et  with  dej)tiails  uf  buiie;  and  in  the 
middle  of  tbo  cerebral  heminphcrct  were  ecrofuloui  cysts 

■  in  a  atate  of  suppuration.  Dubois  was  acquainted  with  a 
nuD  who,  over  after  a  fall  from  his  home,  whicli  ocnirred 
several  j«an  before  hie  death,  believed  that  he  smelt  a  bad 

■  odour. 
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The  «j«l»an  or  lh«  organ  of  vision  (fig.  17S)  cwwirtiori 
Tariety  of  rtructuros  wbicb  (nay  bo  tliua  enumerated : — 


Cll!iB7  nnustc^ 

OuuIA  F«U>- 
OanM- 

rdttmbtr- 

Lins 

trt*- 


The  iclfii'hc.  •.'!■  ouU'i'iiiust  twul,  envelopes  about  livi*- 
sixths  of  till-  i-v^lmll:  cuutjiiuoiu  with  it,  io  front,  OLd 
tK^cujiying  tlie  rumiiiiiing  sixtli,  U  tliu  a^rnea.  lltu  voton 
un<]  frout  portion  of  ihe  Bclerotic  an  corennl  hy  muooDi 
iiKtmliriuie, — tliu  conjunctiva ;  tliut  wlikli  core»  the  ftoot 
of  the  cornea  being  Jitllo  moro  tluui  w^tunaous  flpitlii-lium. 
ImmiHliatdy  ultliia  the  ^ckrotjc  is  tlte  thonid  coat,  «sA 
\Titlim  the  choroid  is  th«  rttinn.  Tho  intsrior  of  tJio  «ii'0- 
bail  is  well-iiifth  filW  by  the  aqueou*  aud  ritrtoia  humoun 
and  thn  eri/stalline  lent;  but  uIho,  tliun.'  15  HusiMnded  ill  the 
interior  ii  con  tractile  nnd  perforated  curtnin, — the  iris,  for 
rfgtilaling  the  aduilssion  of  light,  and  behind  Uie  junctioD 
of  the  scleroliu  and  cornea  is  the  miliary  uiuhuIl',  tho  fuuc 
tion  of  which  in  to  adM])t  tho  eye  for  seeing  ubjocts  at  Torioui 
di»tunco*. 


_J 


Tlie  Kitrotie  eont.  Sa  composed  of  mnnoctim  tissue, 
niraiif^  in  rnriotuljr  dispOMd  nad  interoommtmiMtiiig 
Ibvciw.  It  U  strong,  tougfa,  and  (^qu«,  and  not  nry 
L  elastic. 

Tln^  MnuM  (fig.  179)  '*>  1""'  *^*'  wkrolic,  with  wliifli  it 


ia  rcntinuoiu,  chioflj  of  a  fibrous 
•truclura,  but  the  fibrwt  are  ao 
tnodifiod  aod  arranged  as  to  form 
a  tmiupnrcnt  ntembraDa  for  tbe 
pamago  of  light.  Both  in  front  of 
and  beliind  tko  fibrous  tissue  of 
the  cornea  is  n  ntnicturolcas  elastic 
mmnbraiiA  with  epithelium. 

The  (fu>roid,  vlitoh  in  tha  next 
tanic  of  the  eye  within  ttio  sderotic 
and  immediately  outaidf  the  retina, 
consifts  of  a  thin  and  hi^^hljr  vof^u- 
lar  membnme,  of  irhich  the  inter- 
nal sur&co  Is  corered  bj  a  hiyf^ 
of  black  pigment  ct^ls.  Tlio  prin- 
cipal use  of  the  choroid  is  to  iihwrb, 
by  mnuiM  of  its  pigtii<-nl,  liuKtn  rayN 
of  light  which  pass  through  the 
transparent  retina,  and  thus  to 
\  premnt  tlicir  licnng  tlirown  again 
Lopon  the  retina,  so  as  to  interfere 


Kj.  179. ' 


t"" 


a^' 


'If??-  Btnctnro  of  the  eornc*  (sfUr  Bdwbsb).  A  V,  KIC,  *'^ 

VA,flnii>U  pMllDn  «la  vcrtlciil  ttctianortheeoriMslntiu  *iliilt;a,ocqi- 

[  JiUKIiTHl  a;4tluliiim ;  A,  knurior  olutic  Umina ;  etod,  Itlmaa  IhbIdm 

with  Duclenr  bodU»  iDUra|>rrMi|  betwmn  tlutm  ;  e,  fltnw  ibeMlag 

tlitnugli  Bomi>  ut  tli«H«  liiym  (nmi  th«  aiiarnnl  (LutlR  luntnu  ;  rl,  pas- 

tcriat  diuti<:  UmJua  or  uii.'tiibnLur  of  Oemoiirt  ;  t.  Internal  •fiilheliiua 

'  tH  d.     B,  opitliolinm  of  tli«  iiicmliraiM  nf  Dvinoun,  u  iiutii  lovldng 

towiuxh  iu  aiu'faco.    C,  the  wmc  ncn  in  Mction. 
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Pi^  iSi.t 


with  the  diriii 
tlw  imitgM  thsre 
llrntn  animiJa  In  vliidt 
titfl  cboiDid  is  desdtuto  of 
pigment,  and  liuuuui  .\lb«> 
uoes,  oru  diuxlmi  bjr  daj-- 
li^ht  uid  we  beat  ia  tfaa 
i.rittght.  The  ehoroiil  coat 
eada  la  front  hi  vhat  an 
oitllcd  the  dtiary  proami 
[iig.  1 80). 

Tfav  rvttiui  (fig.  lSl]« 
a  delicate  ntemlma^ 
oonoavc,  with  the  ooncft- 
vity  directed  rurwaith 
nnd  ending  in  lh>nl,  dmt 
ilio  outer  |>wt  of  (te 
cilieiy  proceeses  in  a 
lindy  notched  edge,— 
ihe  oT«  ttrrala.  Semi- 
trniuipurant  w1i«d  fiwh, 
it  soon  becomes  doadej 
and  vpaqtia,  vtUi  k 
pinkigh  tint  from  du 
blood     in    its    miimltt 


*  tig,  tSa.  CIlJDiTy  proetaMB  m  tm  fram  b^ind.  }.— I.  podmir 
■nr&oe  or  tbe  trit,  with  Ihc  upluncta'  m'UKle  of  Um  popil ;  2,  aatcriK 
put  of  th«  chonid  cant ;  3.  atut  «J  tha  cJlUty  procnMa^  efirliieliibMtt 
■ovpnly  nro  wpMsootod. 

t  Pis-  tSi.  Tha  posterior  tulf  of  tli*  rattm  of  th«  left  t7«  Tiend 
fhun  Wiiiv  (kflor  HfiitKl ;  *,  llitRDt  «d^  of  th«  (clorolic  coat :  fk,  tfa( 
rhnrolcl ;  r,  t1i0  tvliiia  1  in  tlie  talerior  at  Iht  mldtlle.  lb*  macolt  Intca 
•nth  tlie  >I>prMwii)u  of  Iho  fumMntratis  in  t«pnamt»d  bfKilliiMaTd 
■bade ;  towunlii  lti«  Irfl  liik  tha  light  *pot  initkatM  Uu  Dolliculiu  U 
cmlnniirK  (t  tb«  tiDtnncc  of  the  opiio  tiam,  from  tb*  MOtrc  of  olilcb 
ihc  iiii<;rin  •.■rutnUia  ii  MMi  iprtadiim  it*  bienohoi  into  tb«  nllaa, 
Icnvliig  ihi'  [>iirt  oocnpUd  bj*  the  Quunk  cdoifsntlvt^  (m. 
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Is.     It  nsolta  from  the  sudden  npranding  oat  or  flX- 
paaaion  of  the  optic  n^rro,  of  wIkms  terminftl  flitter  Appa- 
,  r«Dt]y  <lrpriv<n)  of  tlmir  extenal  white  rabatwiGe,  togvther 
|irith  nerve-ceUe,  it  is  cwmtinlljr  ooiapowxl. 

ExHiVtlf  in  tbe  centra  of  the  retina,  ftnd  at  a  point  tLua 


I 

I 


mdiiig  to  tlio  axi«  of  the 
in  which  the  tmm  of  Tuioa 
is  iDOxt  perfect,  is  a  round  yellow- 
id)  elevated  xjiol,  nliout  -^^  of  an 
Inch  in  diameter,  haring  a 
mtnutft  aperture  at  ita  tuiuinit, 
and  colled  afl«r  its  discoverer  the 
yrlhw  tpoi  of  Sammerm^.  It  is 
not  oovcTcd  bj  tliu  filimuH  part 
of  the  retina,  hut  n  layer  of 
doflely-»et  cells  paaaea  over  it, 
and  in  its  ciintm  is  u  minnto 
depreseion  called  /ovttx  cejitralU. 
About  Vo  of  an  inch  to  tlie 
inner  sido  of  tlie  jrIIow  tcpot,  and 
OOnaequentljT  of  the  axis  of  the 
eyo,  is  the  poiut  at  whioh  tliu 
optic  mrrvc  spreads  out  its  fibres 
to  form  the  retina.     This  ia  tlio 


Fig.  i8».' 


*  Fl|t  t8].V«itinil«^ti«iiiaf>i]niillparlartIientina(a.t«rEul!ikn'}, 
'^.  A,  nnlirr  ncIIdiii^  ■  tmull  )iirt  of  t!i«rettnn;  B,  twoooucsre. 
(vmnud  Miwmlcly  In  tbnir  coiiii(K-tlon  willi  tli«  filnwof  Ifiillvrand 
Utkw  «tTUcIuru ;  C,  two  10.1*  rf[>m«eiil«dw|Aint«ly  iu  llwir  couoeetion 
irttli  tiM  f;i»iialr«,  Ulim  uf  Miillur  uud  lint  uiTve-ctUa;  I,  coluuntr 
Iqrtr  1  Oi  in  A  and  V,  IW  Twin,  in  II,  tlie  Icrininiil  pirlof  thacono;  ft. 
cam;  >.  ktiuiuIbt  Uyur ;  r,  uiiter  lnjvrof  iiuvici  (sttintfd  corpiucluor 
llcnU) ;  rf,  inuiT  Uyn  of  iiiulti :  /  intrT-nucleor  Inyct ;  3,  norrinu 
kjw  !  f,  Imo  molccuiiu  iiubBliuicc  oubiiiii  A.  tlic  DMTt-rfllii  j  t,  nirro- 
llbtu ;  I,  mcmbrnna  Untitana ;  e,  itmw  BDila  of  tho  TilirM  of  Uiillfr 
nMlilj  cm  tlic  limiting  numbniiic. 
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only  point  of  Ibe  surface  of  thft  retina  Grom  wltidi  tW 
pom-er  of  vinon  is  abiwnt. 

On  inakingr  a  Torticid  Mction  of  tho  mtina,  it  ia  mb, 
under  tlm  itucnMCopOk  to  be  oompoeed  of  several  hyea 
wliick  <liff<rr  from  fiacb  other  in  structure  and  arraogeiMBl, 
while  l>esides  theso  thoro  aro  librwi,  tbo  so>caU«d  fihra  ^ 
Mi^*r,  vliicfa  exteod  ttirotigb  the  difl«reDI  Layers,  and 
perfbrate  tham,  so  to  H|>enk.  Fig.  1S2  niprosouta  a  vorti- 
cal seotian  of  a  small  piece  of  tli«  retina.  On  ex«nuiu> 
tion  it  will  be  seen  that  there  are  three  iirLsoiiial  lnyat, 
Ixxiudcd  on  thn  iiintr  ns^wct  by  a  tium>6ra>ui  tiatiUM, 
and  on  the  outer  hy  th«  tkoroidoomt.  I.  llie  oulenDsM 
is  the  mcmbiane  of  Jacob,  or  the  ro/utniicir  layer.  2.  In 
the  middle  is  tho  gnnubtr  layur.  3.  The  innenacA 
is  tlui  ncrrou]  layer.  Each  of  thoae  layers,  B|;:aia,  is  cem- 
posed  of  different  strata,  after  the  fa^ion  sJiuwn  in  tk< 
fignre. 

Tho  oolumiutr  layer  (Jacob's  memWane)  is  ccpmpossdaf 
<7lindrical  or  stalT-sbaped,  trauaparent  aui)  highly  nftso- 
tire  bo^es,  uranged  perpeudicukily  to  tliw  mrf(w«  of  the 
redna,  with  thoir  outer  oxtrcnattic*  imbedded,  to  a  gnatat 
or  less  dei>tb,  in  a  layer  of  block  pigment  of  tho  cbonil 
coat  Bscent  Roearchea  seem  to  faavo  determined  tlut 
this  membrane,  instead  of  being,  as  was  formerly  «»• 
sideTcd,  an  independent  covering,  is  tntlmatelj  associated, 
both  in  structure  and  function,  with  the  senative  part  of 
the  retina;  for  the  conical  and  staff-shaped  bodiei^  tt 
which  it  is  compowd.  appear  to  be  connected,  by  mesms  of 
delicate  fibres  issuing  from  them,  with  the  nerre-vesides 
of  Uie  retina,  and  even  to  becoDM  continuous  with  the 
rndiatiiig  prooessea  wbich  some  of  these  Tesides  presont. 
Concerning  tlio  use  of  these  bodies,  tlui  fUscoreij  of  tbev 
couieotioD  with  the  sensitive  part  of  the  retina  supports 
tJio  ii])i:ii<>n  entertained  by  Kulliker  aud  H.  Miiller,  tbst 
tlteir  spociol  office  is  to  receive  and  transmit  imprestocs 
of  Uglt. 
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Tlui  atractuRc  of  wbicii  the  granular  lat/tr  is  oompoBod 
(ir«  indicated  in  the  figure. 

Hha  n'fTOiu  Uyer  is  oompoeed  of  nvrv^evijnacU*  and 
[  nerro-^/UTM.  The  nearv^-corputelet  are  tbo  oulcmuMt,  imd 
I  are  moKt  Dnmoroiis  otlv  tlie  tjnUove  tpot,  aad  sbeent  alt<^ 
I  ((otlier  from  the  point  of  entranoe  of  the  optic  lurvo. 
'  They  am  iniWIdeil  iu  fino  molocular  matter,  which  alM 
a  lajrur  outsido  them.  The  aem-fibrtt  radiate  as  a 
I  uembranooB  netvork  from  the  point  of  ontranoe  of 
I  Dsrve,  of  whom*  librcs  the;  arc  the  cootinuatioB. 
•nd  probably  in  the  aami-eorpu*eUt,  The  fibres  are 
:  from  the  yellow  B]iat. 

IVo  of  till)  Jilrrf*  oj  ilaller  iirR,  for  tlio  mk«  of  iilustra- 
'"tioti,  anangod  in  the  figure  separately  ou  each  aide  of  Um 
layer  which  tltey  perfurale.  About  the  coniieotion  of  tbo 
fibres  of  .tliillLT  t)ii-re  i»  oome  unoertoiaty.  They  are 
suppoecd  to  be  connected  by  their  ouur  ends  with  the  rods 
and  eoneR ;  and  I>y  their  btHtr,  which  are  thought  to  b« 
modifications  of  connective  tissne,  they  rest  on  the  mmn- 
brmiit  limilant.  Dt-tw«aa  these  point*  tbi-y  are  Hupiwaed 
to  hare  counn-tiniiA  idoo  witli  oomo  of  the  other  ctrvcturM 
through  which  they  pass,  especially  with  the  toner  layer 
of  DtKlei. 

Tbo  retinal  blood-vcaM^s  ramify  chlefiy  in  the  nornnu 
Ujvr. 

Tike  stnicturea  which  have  been  just  deacribed  are  modi* 
Ged  in  tliuir  distribution  over  tbu  yWfow  tpat  in  the  follow- 
ing manner  : — Uf  the  columnar  layer,  or  tn^nibrana  Jacabi, 
the  cotut  greutly  preilviniuate  ;  of  the  nerTuuH  hijen  Una 
«M»  are  numeroiMi,  while  the  nerve-^frn-*  are  nbseot. 
There  are  capillaries  here,  but  none  of  the  larp>ir  branches 
of  the  retiiuil  arti^rioA.  Oppo«t<t  the /or<n  mKrafu,  there 
are,  morcoT^,  neither  the  granular,  nor  the  fine  molecular 
hiyor,  Qur  the  fibres  of  MuUer. 

By  meana  of  the  i^tina  and  the  other  parts  just  described, 
%  proviaioii  la  aflbrdod  fur  enabling  tl^u  terminal  fibrca  of 
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Ritother  lav  in  optics  that  rays  of  ligM  impinging  upon  a 
Gonrex  transparent  surface,  are  reiracted  towards  the 
centre,  those  being  most  re&acted  vhicli  ore  farthest  &om 
the  centre  of  the  convex  sur&ce. 

Behind  the  cornea  is  a  space  containing  a  *>>■"  watery 
fluid,  the  aqu€Out  kumour,  holding  in  solution  a  small  quan- 
tity of  chloride  of  sodium  and  extractive  matter.  The 
space  containing  the  aqueous  humour  is  divided  into  an 
anterior  and  posterior  chamber  by  a  membranous  partition, 
the  irit,  to  be  presently  agaiu  mentioned.  The  effect  pro- 
duced by  the  aqueous  humour  on  the  rays  of  light  travers- 
ing it,  is  not  yet  fully  ascertained.  Its  chief  use,  probably, 
IB  to  assist  in  filling  the  eyeball,  so  as  to  maintain  its  proper 
convexity,  and  at  the  same  time  to  furnish  a  medium  in 
ivhich  the  movements  of  the  iris  can  take  place. 

Behind  the  aqueous  humour  and  the  iris,  and  imbedded 
in  the  anterior  part  of  the  me-  j,,      g  ■ 

dium  next  to  be  described,  viz., 
the  vitreous  humour,  is  seated  a 
doubly-convex  body,  the  eryttal- 
Un»  l«n*,  which  is  the  most  im- 
portant re&acting  structure  of 
the  eye.  The  structure  of  the 
lens  is  very  complex.  Itcousists 
essentially  of  fibres  united  side 
by  side  to  each  other,  and 
arranged  together  in  very  numerous  laminsD,  which  are  so 
placed  upon  one  another,  that  when  hardened  in  E^irit 
the  lens  splits  into  three  portions,  in  the  form  of  sectors, 
each  of  which  is  composed  of  superimposed  concentric 
laminie.  The  lens  increases  in  density  and,  consequently, 
in  power  of  refraction,  &om  without  inwards;  the  central 


"  Fig.  183.  Lamiimtedstnictuieofthe  crystalline  lens  (fromArnoldJ. 
*. — The  Inmins  are  split  up  after  hardeniDg  in  alcohoL  i,  the  denser 
central  I'art  or  nucleus  ;  z,  tlio  successive  cztemal  layers. 
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pttt,  tutuUf  tonaod  lh«  nucl«a«,  beinf;  the  moat 
Tbo  detui^  of  tlio  iron  iacnnmm  yfHh  ago;  it  i« 
|iar«liv<>ly  ooft  in  infaiicy,  but  very  firm  io  adranred  lil 
it  is  Aim  looro  >plu:ricaL  at  an  early  period  of  lii^  tLu  b 
old  age. 

Tba  titreott)  humour  coiHtitntm  D«ArIjr  toar-tnht  of  Uh 
irholo  globo  of  th«  ej«.  It  fills  up  tlie  »jmca  \ittwemi  Urn 
ratitm  and  the  lens,  aad  it«  toft  jclly-liko  mbstaiiM  cea- 
•iata  '■NUtiallj  of  Dain«ro«H  layen,  formed  of  il<'liaii^ 
iini|il»  membrnne,  tho  kjmcmi  hntwocn  which  nn  filled  wilb 
a  wn(«nr,  pellu<id  iluid.  It  probably  exerciwa  some  dun 
ja  nfracting  Ibft  ra>'a  of  light  to  the  retina ;  but  its  piiod- 
pal  me  appmuv  to  Im  that  of  giving  lh«  pn^er  distcuBW 
to  the  globe  of  the  eye,  and  of  keeping  the  surface  of  Ibt 
rctinu  at  a  pro]>er  distanee  from  the  leoa. 

Aa  already  ob«orred,  tlM  spam  occupied  by  the  aquMOf 
humour  is  divided  into  tiro  poKiona  by  a  ▼eriieallj-fliMd 
membraaous  diophragin,  tnnn>>il  tL«  iVit,  prorided  with 
a  oodral  apertnie,  th«  pupil,  for  tliv  transmiauoa  of  UghL 
The  iris  is  composed  of  orgauio  muscular  fibm  imbsdM 
in  ordinary  fibro-«ollular  or  cxatoectire  tieeue.  Th»  nns- 
cuUz  fibres  of  tbo  iris  hare  a  directioo,  for  the  moat  patt 
radiatiDg  from  the  cireumferaioe  towards  the  pupil ;  tat 
as  they  approach  the  pupillary  margin,  Ihey  assums  a 
cucolar  dircotiou,  uud  at  the  vei;  ndgo  form  a  wmphts 
ring.  By  the  cootraction  of  the  nuliMing  fibres,  the  bm 
of  tbo  pupil  is  enlarged  :  by  the  oodtmclion  of  tlic  ciicukr 
ones,  vhich  rmcnnilile  a  kind  of  aphiiulair,  it  i«  ditninuML 
The  object  effoctod  by  the  moremenlfl  of  the  iris,  is  te 
rn^itnlion  of  the  (juantlty  of  light  tianamitted  to  the 
retina;  tho  (ituiiitity  of  wbiili  is,  ealerU  parihu,  dirtc^ 
proi)ortioued  to  tho  eize  of  tbo  pupillary  aperture.  The 
pOMtmor  surface  of  the  iris  is  coated  nith  a  luyer  of  dsik 
pigment,  so  that  do  i«ys  of  Uglit  rim  puss  to  the  rotivi, 
except  Budi  as  ant  admitted  through  the  aperture  cf  tb* 
pupil 
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Tlie  riliary  oiutelt  ia  wimpoaoj  of  organio  mtuctllar  fibnc^ 
vbich  form  »  aaxrov  zone  sjound  (be  intwlor  of  Ibu  cfe- 
I  ImU,  bear  iJw  liiie  of  junctHMt  of  Iho  corntm  witli  the 
MlsTotk.  uatl  just  behind  the  oau-r  border  of  the  iris  i&g. 
178}.  The  tmUrmott  fibrva  of  tlii*  lauw^lo  nro  altacbod  tn 
boat  to  Hm  iiinar  part  of  the  eclerotio  and  oomea  at  tbeir 
lino  of  junction,  sud.  direr^iig  wniirmbat,  um  OxinI  to  tlw 
ciliary  jaoccaaw,  luiil  u  r-mall  porlion  of  tW  clioroid  immo- 
diatolf  iM-hiod  thirm.  The  Miu«r  fibres,  immediately  wiUun 
Ui«  pr<?c^iiig,  form  «  cuouIat  xooe  acouod  tlM  interior  of 
the  eye-ball,  uuuide  tlw  eiliuy  piDceMHW.  Tlioy  oompcM 
the  ring  fijrmerlj  called  tbo  dlior]'  ligament. 

The  flioctioD  of  Ibis  muscle  is  to  adapt  the  eye  for 
I  seeing  objects  at  Torious  distancco.  The  manner  io 
whidt  it  efiects  tliis  object  irill  bo  conriderod  alterwarda 
(p.  650). 

The  contents  of  the  ball  of  the  cj-e  are  nnirciand'Hl  and 
kept  in  posilion  by  tbo  cormvi,  tind  tbo  dense,  fibrous  mem- 
brane  before  referred  to  as  the  teUrotic,  wliich,  botudM  thus 
flnoMtng  tlto  eoiilnitM  of  th<^  vyo,  serves  (o  gfire  attaoh- 
ment  to  the  TariouB  muscles  by  which  tlio  moremeuts 
of  tbo  e,\-i>'ball  are  effected.  Tbato  aiuxclos,  and  tbo 
ncrvra  Kiip))Iying  thorn,  hij>T«  boen^  alnadjr  eonsidered 
(p.  339. '"'JO- 
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Tho  oasontiAl  ooiutituuiitH  of  tho  optical  apparatus  of  the 
eye  may  be  thus  enumerated: — a  nerrous  struoture  to 
iweivo  and  trncttiniit  to  thu  bntiti  tbw  impmMioaii  of  light; 
eertatu  refracting  media  for  the  purposo  of  so  disponing  of 
Ibo  rays  of  light  traTeming  them  as  to  tliroir  a  ooneot 
imago  of  an  c^xt^mal  boily  On  tlie  rotina;  a  contractile 
diftphragm  with  a  central  aperture  for  regulating  the 
quantity  of  light  admitted  iiito  the  eye ;  and  a  eontraotile 
elructum  by  which  the  chief  ivfractiog  medium  shall  be  so 
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eoDtroUed  u  to  onaUa  okjecto  to  Im  seen  at  Tsricnis  tf»- 
ttaoOBt 

With  tho  liolp  of  tbo  diagnua  belov  (fi^.  I S4},  npn- 
atotiog  a  Tertioal  sectioo  of  tbe  eje  firom  be&ra  lad^ 
mrds,  the  mode  in  whicli,  by  mminit  of  tJio  nrfradiiig 
media  of  th«  ayo,  on  imago  of  kd  object  of  si^c  is  throwa 
on  tho  iDtino,  may  bn  rondfred  iDtvUigihlo.  Tbs  nj*  rf 
the  cchm  of  light  omillod  bj  the  points  a  b,  and  ffnij  Olhtt 
point  of  an  object  placed  before  lliu  eye,  nro  firvt  nfracttd, 
tluU  la,  an>  boot  towiirds  tho  axis  of  the  cooe,  t^  ftt 
oovnea  c  c.  and  tlie  a(|ueoua  humour  utntaiocd  between  il 
and  the  leas.     The  rajre  of  each  0000  an  again  rofracM 

Fif.  ia^.» 


and  bent  etUl  more  towards  its  oentral  raj  or  axis  bf  tht 
auteriuT  Riirfutn  of  ttin  lens  s  e;  and  a^nin  aa  thejrpao 
out  til  rough  its  posterior  surface  into  the  Itas  daus 
medium  of  the  Titreous  humour.  For  a  Icms  hna  the  powv 
of  refriurliug  and  causing  the  conTorgwioo  of  the  rays  of 
a  cone  of  light,  not  ouljr  on  their  entrance  from  a  lanr 
medium  into  its  anterior  convex  surface,  but  also  at  their 
exit  from  its  posterior  convex  surface  into  tlte  ranr 
medium. 

In  this  manner  the  ra>-a  of  tl>o  eouoa  of  light  issuing 
fiom  the  points  x  and  u  are  again  ooUected  to  points  at  s 
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awl  h  ;  *nail,  if  tho  rotinA  f  be  fitualed  at  a  and  A,  perfoot, 
though  ivrOTt«d,  imng«§  of  the  points  a  and  b  will  bo 
pert«ivi>d :  l>ut  if  tho  rotinu  lio  not  at  a  and  b,  but  oithor 
bofon  or  brliind  that  situation, — for  instance,  at  ii  or  o, — 
oircular  luminous  c^oU  c  aud  /,  or  t  imd  0,  ituitood  of 
points,  will  bfi  seen ;  for  at  »  tho  ray*  Iinvo  not  jet  met, 
and  nt  o  Ihcy  bavo  already  intdrsected  each  other,  and  are 
again  diver;;inj^.  Tlio  relina  mu«t  Uifinifara  bo  Hiluated 
dt  tliv  projiitr  focal  dixtaiu^u  from  th«  Iciui,  otlujnrise  a  de- 
fined image  will  not  bo  formed ;  or,  in  other  words,  the 
taya  emitted  by  a  giwtn  point  of  tbe  object  will  not  be 
collected  into  a  correepondlng'  point  of  focus  upon  tlie 
retina. 

The  tnoons  by  which  dUtiwl  and  eonvct  ima^^  of  objects 
are  formed  in  tlie  retina,  m  tho  various  condition*  in  which 
tho  0)'«  ii  pluottd  in  relation  to  external  objects,  may  be 
flCfMnitely  Gon«dered  under  tbe  following  heads : — t,  the 
means  for  preventin^^  iudiHtinctnois  fn)in  Bbcrrntion ;  2, 
the  means  for  preventing  it  when  objects  are  viewed  at 
diOerenl  distanc«s;  3,  the  means  by  whi<ih  the  mened 
image  at  uu  objiict  on  tliu  rvtina  is  pdceived  as  in  its  right 
posidon  by  the  mind. 

I.  Since  tbe  retina  is  concave,  and  Irom  its  oootre 
towoids  its  margins  gradually  uppromhcs  the  lens,  it 
follows  that  the  images  of  objects  situated  at  tbe  Hides 
umnot  be  so  distinct  us  those  uf  objects  nearOT  to  tbe 
middle  of  the  field  of  vision,  and  of  which  the  images  ai« 
formed  at  a.  dialauco  beyuud  tbe  I^us  exactly  corresponding 
to  the  itituntion  of  the  retina.  Moreover,  the  raj's  of  a 
of  light  &onL  an  object  situated  at  the  aide  of  the 
of  vision  do  not  meet  ull  in  thi;  name  point,  owing  ta 
their  uncriual  retraction;  for  the  reiractioa  of  the  rays 
whiL-li  pass  through  the  circumference  of  a  lens  is  greater 
than  that  of  those  Irarersiug  its  cenlrul  imrtion.  Tbe  con> 
currence  of  tbcM  two  circumstances  would  cause  indistinct- 
ucsii  of  vision,  unless  corrected  by  Houo  ooutriviuice.     Such 
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comKtioD  is  effected,  in  both  cases,  hy  tbe  irii,  vfaldi 
fofiRK  n  kinil  of  annular  diapbragni  to  oorer  lbs  dimin- 
flenOKd  of  tbe  len«,  nti'l  to  pTRVpnt  tlio  rnyn  fnm  poariog 
tlirougb  anj  )>an  of  the  lens  but  its  centra,  whicb  mm- 
spond«  to  tlu)  pupil. 

The  image  of  lui  otiject  will  be  most  dcfiofld  and  iliatiBil 
vfaeo  tbe  pnpit  U  haitoit,  tbe  object  at  tbe  proper  dtsttBOi 
for  vUion,  and  the  ligbt  abundaat;  m>  that,  wrbileafuffi- 
cioDt  numW  of  revs  nre  «i!inittc<],  tbe  nnrrowiMW  at  tb 
pupil  ma;  pnyrent  Ibe  prodaction  of  ioiliatinctseBa  of  tti 
imuge  hy  thia  jpAcnoaJ  abemnitm  at  uii<.-<)ual  r«fra<iica  jut 
Bumlioiied.  Bat  oven  the  image  fonood  l^  the  rajs  fm- 
ing  tbrougb  tbe  circumference  of  tbe  lena,  when  the  papil 
is  n>ui^  dilated,  im  in  the  dark,  or  in  a  fi^rtdn  lig^hl,  bdij, 
under  certaia  cirounistaDces,  be  veil  defined ;  the  inup 
fbrmed  by  tb«  oftntrul  rays  betug  then  indiitinct  or  iuriciUt^ 
in  coosequence  of  the  retiim  not  receiving  theee  rays  irhvt 
tlMj  are  concentrated  lo  a  focus. 

IMatinotncm  of  vitiion,  i»  fiirtlicr  eociireil  by  the  inmr 
anrfacie  of  tbe  choroid,  immediately  extems]  to  tbe  r<4^H 
itsell^  aa  well  as  the  post«rior  sur£ac«  of  tbo  iri»  and  flPH 
dliury  procetweM,  being  cnaled  with  Uack  pigment,  vhitb 
abeorbs  any  nya  of  light  that  nioy  be  refl«<(iied  within  the 
eye^  and  prevents  their  being  throMrn  ugHiD  upon  the  retiu 
BO  aa  to  tnterfero  with  the  images  there  formed.  Iha 
pigment  of  the  choroid  is  e«}>eciaUy  important  in  thil 
reapcct ;  for  thii  r«!tiiia  in  rery  tranvporrnt,  and  if  the  an- 
fiice  behind  it  were  not  of  a  dark  oolour,  but  capable  of 
relluctiti;;  the  li^bt,  tho  biminouH  rays  wbii^  hod  already 
oi'ti^l  iin  tlie  rE^tina  would  be  reflected  again  tbrouglt  i^ 
and  would  fall  upon  other  parts  of  the  Bam«  membnna, 
producing  both  daxxliiig  from  excessiro  light,  and  indi^ 
tinctnees  of  the  images. 

Id  tbe  passage  of  light  through  an  ordioiuy  conrex  lent, 
deeomirtiiiitiim  of  each  ray  into  itit  elementary  ooloiued 
parts  commonly  ensues,  uud  a  oolouiod  moi^n  appoan 
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nrOHiwl  tlw"  inuigo,  owing  (o  tlio  Dn<y]U(il  nftacdon  whicb 
the  «leiuontary  colours  undergo.  In  the  <^rtical  initru- 
UflDts  thiit,  wliidi  u  t«rni«il  ch  roaiaiie  ahirration,  is  oorrected 
Tiy  tho  nw  of  Iwo  or  more  lcn««,  <lifl«inji;  in  flinpo  ud 
(lenaitv,  the  Moond  of  whicli  oontinucn  or  uktmsm  tha 
nfranTtion  of  thn  mja  prodiu^  b^  the  fimt,  but  hy  noani- 
Irinhig  tl)i>  inilm'Iual  parts  of  each  ray  into  its  original 
whibi  U{{lit,  correda  nay  cliromatio  aberration  which  may 
hare  r««nit«d  from  th«  firat.  It  is  probable  tlmt  the  un- 
equal r^ftnctive  power  of  Ihe  traneparent  media  in  front 
of  till)  ntina  niny  \m  tliit  mniuitt  by  vtiicli  tlie  vya  ia  eoabled 
to  guard  ngninirt  tho  effect  of  chromatic  aberrstian.  "Dm 
human  eye  is  achromatic,  honerer,  otily  bo  long  as  tfaa 
ioiap!  is  receirvd  at  its  focal  distancd  apoii  tlu:  reliua,  or 
■0  long:  as  the  eye  adapts  itself  to  tbe  diffarant  distuntM 
of  si^t  If  either  of  theae  conditions  be  interfered  uith,  a 
morv  or  loss  dutinct  appootnDco  of  colours  i»  {iriKliictrd. 

2.  The  distinctness  of  tbe  imit^^  formed  upon  the  rediiA^i 
is  muiiily  ddpcndpnt  on  iVirs  vny*  ciuittod  by  Mii^h  luiutnotiB  ' 
point  of  the  object  beinj?  brought  to  a  porfoct  focus  upon 
the  relitiu.    ^If  tliis  focus  occur  at  a  ])oint  either  in  ftimt 
iii,  or  behind  the  rettno,  iudistinctm-JW  of  Tision  cnsunS, ' 
with  the  production  of  a  Iiolo.     The/onif  ditiant*,  it.,  the 
dlstanoo  of  tho  point  at  which  the  luminouH  niy*  from  a 
lans  are  collectod,  be^des  bmg  related  by  the  degree  of 
convexity  and  douHily  of  tlio  leus,  roriea  with  th«  distance! 
of  the  nbjiirt  from  the  k-ns,  being  greater  as  this  is  shorter, 
and  vie*  ivraii.     Hence,  niece  objects  placed  at  Yorious  dis- 
tances from  tlM>  eye  can,  witliiu  a  certain  rangfi,  <iitf«r«nt 
in  different  peiaons,  bo  seen  with  almost  eqtud  distinctness,, 
there  must  be  some  prorisioi)  by  which  the  eye  is  enabled  I 
to  a<lupt  itself,  so  tiknt  wbalovor  length  tlie  focnl  distonM^ 
nay  be,  tlie  focal  point  may  always  CsU  exactly  upon  the ' 
retina. 

This  powor  of  adaptation  of  the  r\}«  to  mion  at  tlifftrtnt 
AiUancrt  has  received  the  most  Toried  explanations.     It  is 
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o1>vioas  that  the  effect  might  be  produced  in  either  of  tvo 
wajni,  vix.,  bj-  iJliariag  ttia  couTexity  or  ^OHtt}-,  and  ihiu 
the  lelracUng;  power,  eithor  of  tba  oomea  or  Ivoa ;  or,  bj 
ehanpng  Ow  position  either  of  the  retina  or  of  ibe  lena,  m 
thHt  whotlter  tbe  obJMt  viewed  be  neur  or  dixtant,  und  tbt 
focal  distance  tba«  inciwued  or  diminished,  the  focal  point 
to  wiiicb  the  rays  are  nmTerf^  by  the  lens  may  alwaythi 
at  tho  pUra  ocnipiud  l>y  the  retina.  Tbo  amount  of  oith« 
of  iheoe  ehaogee  required  in  even  the  widest  range  of 
TisiOD,  14  ttxtremelj  Hmall.  F»r,  tima  tlio  refractive  povcn 
of  the  media  <tf  tha  eye,  it  has  be«i  calculated  by  Olben, 
that  the  difr«r«Dco  between  the  fbcal  dijilaiMM  of  t&a 
imogea  of  au  objuct  at  sutJi  a  dtxtoiMM  that  the  rnya  c» 
parallel,  ond  of  ono  at  the  distance  of  four  inchea,  is  ooly 
about  0.143  of  i^  inch.  Oa  this  oaluulation,  tint  cliangc 
in  tlui  diatonca  of  Lhu  rctiiia  friim  the  lens  required  far 
vision  at  all  distances  supposing  the  cornea  and  lens  te 
maintain  the  same  form,  would  not  be  mom  tlum  about 
one  lino. 

It  is  now  almost  universally  believed  that  Ilolmholti  is 
right  in  bis  statomeut  tliat  tlie  immedinta  cause  of  the 
aduptutioii  of  tb(i  (iy«  for  objects  at  different  distanoua  ii  § 
varyiug  shape  of  the  lens,  ita  &ont  sutGum  becoming  moit 
or  less  convex,  a(.«Drdiug  to  the  distnnco  of  the  object 
looke<I  ttt  I'ho  nontiT  I  he  object,  the  more  convex  iein 
the  front  surfiiee  of  the  lens  become,  and  vie*  tmA ;  ths 
back  surface  taking  litllu  or  no  slioro  in  the  production  of 
the  eS'oct  rcquinxt.  Of  course,  the  lens  baa  no  inhoraat 
power  of  contraction,  and  thereforu  ita  changes  of  outline 
must  he  produced  by  some  power  from  without ;  and  there 
seems  nn  naniton  to  doubt  that  this  power  is  supplied  bj 
the  ciliary  muscle.  The  exact  manner,  however,  in  vfakll, 
by  itii  contraction,  lhu  ciliiuy  muscle  effects  a  ohonga  in 
the  shape  of  tlio  cryslallina  lens  is  doubtful.  The  most 
girobablo  explanatSoii  uf  the  phenomeoOD,  howev»-.  Is  that 
in  adapting  tliu  pye  for  viewing  n«ar  objects  the  cilio^ 
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moacle  contnurU,  and,  by  such  cootractioD,  diminisbefl  the 
fbrco  ivith  which  t\ui  uliutic  nunponsarj  ligament  of  the 
lens  is  temliog  to  tlatlen  it.  Oa  the  Utter  supposition,  Uui 
leiiLs  may  he  Hujipotwd  to  bo  always  in  a  state  of  tension 
and  partiiil  Ibtloiiiujj;  from  tha  action  of  the  nupenaoi; 
ligam«nt;  vrhile  tho  ciliaiy  muscle,  by  diminishiBg  tha 
teuaion  of  tbiA  ligament,  dimioishoa,  to  a  praportional 
degnw,  tiko  diitttinin^  of  M'hirh  it  is  the  cniue.  On  dimi> 
nation  or  c«BSfttion  of  the  action  of  the  ciliai;  mnnde,  Qxtl^ 
1«Q>  rotumx,  in  u  (^orroMjioniliiig  di^gree,  to  ita  farmer 
Bhapo,  by  virtue  of  tJio  elnsticily  of  its  suspensory  liga* 
nwnt.  tu  viewing  near  objecta,  the  iris  contractii,  so  thiit  \ 
its  pupillitry  tuigo  is  ni'ived  ti  vftry  little  forwards^  and  tbo 
pupil  it*«lf  is  contrneted — the  oppoi-itii  irffifct  tiiking  place 
on  withdrawal  of  tho  attention  from  neat  objects,  and  &x\tig 
it  on  thdse  distant. 

The  rftoge  of  distances  through  which  porsoiu  can  adapt  1 
their  pow^r  of  vision 
is  not    in    nil    t:asi.vt 
the  same.  Some  per-  ^ 
•Oau  posaoes  scarcely 
asy  power  of  adap- 
tation,   and   of    this 
defect  of  viBiou  there  a 
are  two  kinds :  one, 
in  which  the  persuu 
can  see  objecta  dis> 

tinetly  only  when  brought  dosd  to  the  eye,  having  IttUa 
power  to  discern  distant  objects;  another,  in  which  distnot 
objects  alone  can  be  distinctly  perceived,  a  small  body 
being  almost  invisible  excejit  when  ln'M  at  a  considcrahla 
distance  &om  the  eye.  In  the  one  case  the  person  is  said 
to  be  idiort- sighted  or  myopic :  lu  the  otlier,  long-sighted 
OT  pronbyopic.  Myopia  is  cau»ed  by  unything,  Buch  aa 
undue  conrejuty  of  tho  lens,  which  increases  the  refracting 
poirer  of  the  eye,  ond  so  causes  the  image  of  tha  object 
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to  be  fonDMl  ttt  n  point  anturior  to  tha  Mtioa  ;  tlw 
it  ivmedied  by  tlie  lue  of  concaro  glonos.      Pn^ibjopiii,^ 
loo^-niglitcdiuim,  iit  Ike  nsull  of  condiliona  Uie  rorerMl 
tfa«  aboTis  and  »  ntPMHlinl   by  t)i«  hhu  of  convex 
vhick  diuiiaUh  the  focal  diattmce  of  tax  imogo  fomiod^ 
tlio  oyn.* 

3,  The  direction  gircn  to  the  tt^  by  tlisir  n-frm-lion  k 
regulated  by  (hat  of  th«  ceutnd  T»y,  or  nxia  of  tlio  roo^ 
tovttrdti  nhicli  the  nya  arc  bent.  The  image  of  u^ 
point  of  an  object  m,  tboTAfoi^  as  a  nilo  (tbn  cxcoptiona  t» 
vMch  n^ed  not  hen  bo  stated),  alvajrs  fanned  in  a  Iim 
idonlM^  with  tlu!  uxln  of  tint  ouno  of  light,  aa  iii  tbo  liw 
of  a  A.  or  A  h,  Rg.  l&$  :  m  that  tho  tpot  whore  the  iauge 
of  any  jMiitl  will  l>e  formed  upon  the  n^tiun  may  be  dite> 
miiMNi  by  prolonging  tlie  ocutial  my  of  tho  codo  of  light, 
or  tiiat  ray  yrtuuh  traveisea  the  centre  <^  the  pupil.  Thus 
i  b  M  the  BXM  or  cwotroi  isy  of  the  cone  of  light  iMatng 
ftom  A  ;  9  a,  the  central  ray  of  the  cone  of  light  isBoing  bom 
B ;  the  imugu  of  x  is  forui«d  at  b,  thti  image  of  a  at  a,  ia 
the  iavcu-tod  poRitioD;  tbmeforo  vhat  in  the  oligect  wu 
above  is  in  the  image  below,  and  net  tmd, — the  ri^t-huid 
part  of  tlll^  object  in  in  the  imago  to  the  left,  tha  kft- 
hand  to  tlie  right.  If  an  opocting  be  made  in  oa  eye  at 
its  aupcrior  Burfnco,  mi  that  the  retina  con  he  m^on  Ihroi^ 
the  Titreou*  humour,  tJiia  revened  imoge  of  any  bright 
ohjoot,  Huch  aa  the  windovs  of  the  roam,  may  be  peseeived 
at  the  bottom  of  thu  i^yi!.  Or  still  botti-r,  if  the  eye  of  uiy 
allHllO  animal,  auoh  as  a  white  rabbit,  in  wliich  the  coata, 
JVom  the  abeence  of  pigmeat^  are  trau«pai«nt,  ii  diuaeclod 
dean,  and  Iield  with  tbo  cornea  townxds  a  window,  a  twj 
distinct  image  of  the  window  completely  iurerted  is  seea 
depicted  on  the  posterior  translgcent  wall  of  the  eye- 
Volhuuuin  has  alio  shown  that  a  aimilor  experiment  nu^ 


*  For  de^uU  on  tliii  atiKject,  connllt  tti«  vation  trMtiui  oa  tlw 
l%yiiulog/  auil  DelixU  o{  VUtoiu 
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1)0  sucoomMljr  perfonned   in   a   liviof;  person 

of  larg«   pronuuect  ej-M,  mid   an   uttiuuaUjr  inuupanni^ 

Mlemiicii. 

No  complfitely  mtlsfactoiy  ejcptanalion  hM  jct  been 
offered  to  ucvouut  fur  tho  mind  being'  nbla  to  form  a 
oorrei-t  idea  of  l)i<;  vrnt  position  of  an  obj«,-t  of  wbtuh  an 
inverted  imagn  is  formod  on  the  Ktiaa.  Ma!!ur  and 
Volkuann  are  of  opinion  tluit  tlio  luinil  rc^fUlv  peroeires 
■n  object  UK  iiirnrtn),  but  noeds  no  corrvrtion,  eiuoe  ererj- 
tiling  is  soen  alike  inverted,  and  tbe  r«Utiv«  poitition  of 
Uie  objeoU  tltereforc  mntiinn  micbangtNl ;  and  tho  only 
pioof  we  caa  poiwibljr  liuvo  of  tb«'  invonion  is  by  oj:pm- 
ment  nnd  tbo  study  of  tlie  laws  of  oplitii.  It  is  tliu  aanift  i 
tbiug  aa  ibo  daily  iuVL-niuii  ijf  objiicU  conscjuoot  on  tlto 
revolution  of  tho  oatiro  oarth,  which  wo  knov  only  by  ob- 
aerrtng  the  position  of  the  stars ;  and  yet  it  is  certain  that, 
within  tirvnly-four  hours,  that  which  wiim  bclou'  in  tvkUion 
to  tho  stars,  coioos  lo  bo  abore.  llonco  it  is,  also,  that  ao 
dLKordanoe  arises  bettreen  the  sensatiouA  uf  tnvt-rted  riaioii . 
and  ttioso  of  touch,  which  porcoivm  ovorytbing  in  ita  enci] 
position ;  for  the  images  of  all  objects,  eveu  of  our  own  | 
linibv,  in  tlie  r«linu,  aro  Mjually  inTertml,  and  tbcn(bn-] 
maiiilnin  tbo  samo  roIatiTe  position.  Kran  the  image  ct* 
our  hand,  while  need  in  touch,  is  aeon  inrertod.  Tho 
poaitiim  in  which  wu  soe  objecta,  wo  call  ihoioforo  tha 
erect  position.  A  moro  lateral  inversion  of  our  body  in  a 
mirror,  v/Uem  tbe  right  hand  ocvupiea  the  left  of  tlio 
imngr.  is  imlood  (Cnrcoly  rcmork'Nl :  and  thuro  is  but  little 
disoordanoe  between  tbe  senstitioua  acquired  by  (ouch  in 
ngidatui)^  our  niuvvnicnta  by  tbe  image  in  llio  mirror,  and 
tliose  of  eight,  as,  for  oxnmplo,  in  tying  a  knot  in  tlw 
cravat.  There  is  some  want  of  harmony  here,  ou  aooount 
of  tho  invcrnion  being  only  lateral,  and  not  uomploto  in  all 
directions. 

The  perception  of  tho  erect  poiution  of  objocts  app^rs, 
theivfure,  to  be  the  result  of  an  act  of  the  miud.    And  Ihla 
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l«flde  us  to  n  oonudderation  of  tbt  wTO*!  otli«r 
of  tbe  retiiui,  oDil  of  llio  MM^erotwn  of  Uio  inind  in  tlw 
flOTond  otlier  parla  of  the  act  <^  riaiOD.  To  tfa«ae  belanj 
not  merdx  tfae  n«t  of  wniNntion  itMilf.  and  tlu>  {MTotqitioD 
of  the  cluuigee  produced  io  the  retiDa,  as  light  and  oolow^ 
1>ut  ulw>  tlie  ooavmion  of  the  mere  imag«s  depicted  in  th> 
retina  into  idou  of  no  ftxtcDdud  fi«Jd  of  viaioi),  of  proxi- 
mity and  di«Uiico,  of  tho  form  and  aise  of  objeds,  of  tlu 
ncipnwal  i&Su«Dco  of  different  parts  of  the  retina  upon 
each  Oth«r,  tho  iiimultanooiu  action  of  Uie  two  eyef,  aad 
MOOM  other  plienomena. 

To  speak  first  of  ifie  iileai  riae  of  thtfieiit  of  riiinn  ; — Tb* 
aehud  oizn  of  thn  field  of  vinon  dopvndn  on  tJta  extent  of 
tlie  rMioa,  for  only  so  many  images  can  b«  aeen  at  unyoan 
time  as  can  oooupy  tha  mtino.  at  tlte  same  timo ;  and  thai 
oonsiderod.  the  retina,  of  which  the  nff«ctioiis  are  percemj 
by  the  mind,  is  tcaelf  the  field  of  riuon.  But  to  th«  Quad 
of  t)in  individual  Uia  Kixn  of  th«  iiold  of  vision  liaa 
doti^nuinate  limits ;  sometimes  it  appears  very  small, 
anoUier  time  very  large  ;  fbr  the  mind  liaa  tlie  {Kiwer  of 
pcojeodng  the  images  on  the  retina  tonrards  the  exlatkir. 
Henoo  the  mental  tield  of  vi»on  is  very  small  what  tkt 
sphere  of  tliu  action  of  the  mind  i«  limited  to  impoditnonti 
near  the  eye :  on  the  roQtrary,  it  is  veiy  exteoaive  when 
tJto  proifx^tinn  of  iJie  ima^^  on  lh«  retina  towiuda  tbt 
exterior,  fay  the  influence  of  the  mind,  is  not  impeded.  It 
is  TCry  small  when  we  look  into  a  boUow  body  of  smaU 
<Mipa(iity  hold  bcfure  the  ryce ;  largo  irhtrn  wo  look  o«t 
upou  the  landscapo  through  a  small  opening ;  more  exien* 
dire  whvii  we  louk  at  tlte  landscape  through  a  window; 
and  most  so  when  our  view  is  not  confined  by  any  near 
object.  In  all  tliese  cases  the  idea  which  we  receire  of 
tlio  (dn  of  tlie  field  of  viniou  is  vei^-  diflerent,  althongh  its 
ntisoliite  size  is  in  all  the  same,  being  dependent  on  the 
extent  of  the  retina.  Ileucc  iL  folliiws,  that  the  mind  i* 
constantly  co-operating  in  the  acta  of  riaon,  so  that  at  last 
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I  dineolt  to  sa;  wtiat  li«I<m^  to  mere  seiuatioii, 
tmS  whnt  to  lli«  influmco  of  the  miad. 

By  a  menial  operation  of  this  kind,  ire  oUain  a  correct 
idaa  of  tbu  aizn  of  iudividiuJ  objoctR,  lu  well  u  of  the 
extflot  of  the  field  of  viaion.  To  undentand  this,  it  will  bo 
ikiee«esai7  to  refer  aRain  to  fig.  185,  p.  651, 
-  Tho  (tiigtn  X,  iiitludwi  l)otw(H«n  the  dcruMatioi;  Mnlral 
rays  of  two  conm  of  tight  iMuing  from  diffitrcut  points  of 
an  i>1>ji«t,  is  udl<.'d  the  optical  angle — ani/uiu»  opiieut  »m 
tisoriuf.  Tliiit  angle  l«-c<inn'!t  larger,  tlie  greater  the  dia- 
tanoe  betn-e«n  the  points  a  and  n ;  and  kidco  the  angles  x 
and  y  are  e<iual,  the  distance  between  the  points  a  and  b 
in  tlu)  imag«  mi  the  nitiiia  incroaiinH  Bs  t)ie  angle  x  \>v.cx>-axt^ 
larger.  Object*  at  diffi^rcnt  distances  from  tho  e}re,  but 
having  the  same  optical  angle,  x — for  example,  the  ohjeots, 
c,  d,  and  e, — mtiat  alao  throw  images  of  eiitial  sixn  apoa . 
the  retina ;  nn<I,  if  tlie;  oocupv  tho  samo  anglo  of  the  Beld 
of  TieioD,  their  image  must  occupy  the  same  spot  in  the 
rolina. 

Nevertheless,  those  imngc«  appear  to  the  mind  to  be  of 
Tery  une<iiial  wm  when  the  ideas  of  distance  and  proximity 
come  into  piny ;  fur,  from  tlio  imugu  a  h,  Uio  mini]  forms 
the  conception  of  a  visual  space  extending  to  t,  d,  or  e,  and 
of  ao  objtwt  of  the  &ize  which  that  re[ireaeated  by  tlto 
image  on  thi*  retina  nppnan  to  liiire  when  Ticwed  close  to 
the  eye.  or  under  the  most  usual  circumstances.  A  land* 
■capo  di'picled  ou  tlie  K^liaa,  as  n  ^,  and  viewed  nnd<fr  tlio 
angle  r,  in  tlinrrfiint  conLvivird  by  thn  mind  to  hnvo  an 
extent  of  two  mile;  perhnps,  if  we  know  that  its  extent  is 
mirh,  or  if  yrv  iuf»r  it  to  lie  so  from  tho  nuiut>ftr  of  known 
objects  seen  at  the  same  time.  And  in  the  same  way  that 
tho  imupi'M  of  several  ditferent  objects,  newed  luidur  tho 
same  nnglo,  fliuM  apjiears  to  the  mind  to  have  a  diiferoilt 
,  4ue  in  tho  lield  of  Ti»ion,  so  tho  whole  field  of  vision,  which 
alway*  the  same  absolute  aim,  is  interiireleil  V^  tho 
mind  as  of  extremely  various  extent :  and,  for  this  reason 
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alao,  tho  imagifi  vimrod  in  tlio  camoTA  olMcora  in 
us  a  real  l«nd«cApe — m  the  true  fiiBl<t  of  viaiou — all 
only  11  HDull  image  depicted  apon  paiKr.     The  aaaw 
pcooeee  (pvt*  me  to  tl>o  idoa  of  <I«|ith  in  the  field  of  TisMs, 
thi>  idea  bving  fixed  in  our  laimd  priitcipaUy  by  the 
cnnutanoe  that,  m  wo  ouraolTM  moTo  famaxdn,  diffi 
images  in  suoom^od  become  defncled  on  our  retina,  m 
m  «mm  to  pxa  bntwem  theM  imogm,  which  to  the 
is  the  same  thing  as  pecaing  behreen  tJte  objects  lb«B- 

The  action  of  the  senm  of  vifdoD  in  rdatioa  to  esteisl 
objects  is,  therefore,  quite  different  &om  that  of  tlw  •am 
i>f  tntit'h.  The  objects  of  th«  kltcr  m:atto  am  immediali^ 
preeeul  to  it;  and  our  own  bodjr.  vith  which  thejeont 
into  contact,  is  the  measure  of  their  uxe.  TLa  port  of  a 
table  toudied  by  the  luutii  uppoor*  n*  \argf>  as  the  jurt  of 
the  hand  reoeiring  an  impreMion  from  it,  for  a  part  of  our 
Ikm);  in  vhi<th  a  scBsatioa  is  excited  i*  hero  tho  nwnsun 
by  which  we  judge  of  the  magnitude  of  the  object.  In  tha 
■QUO  of  riaioD,  on  the  contrary,  the  images  of  objects  are 
mere  fractions  of  tlio  objects  themselTes  realuiwd  iipoo  tha 
nitinii,  tlie  extent  of  which  reinaioH  oouKinntiy  the  saMe. 
But  the  imagioatioD,  which  analyzes  tbo  seosatiou  of 
vision,  inTcsts  the  images  of  objects,  together  with  tits 
whole  fiidd  of  rision  i»  tlui  rdinn,  with  very  varying 
dimenooDs;  the  relntiro  eiae  of  the  images  in  pro- 
l>ortioiit  to  tlie  whole  C^  of  riiiion,  or  of  tlin  iiiT><(4ed 
parts  of  tho  n?lina  to  the  whole  n>tiaa,  alouo  remaining 
unaltered. 

Tlie  (liiv«.-f!oii  iu  vrhi(-h  on  object  is  seeo,  the  dirKtitut  of 
vuion,  or  rituaS  direction,  dcjKaids  oo  thu  port  of  the  retina 
which  rrccivi>«  tbo  image,  and  on  the  distance  of  this  port 
from,  and  iU  relation  to,  the  central  point  of  the  retiiUL 
ThuK,  vbJRC'ts  of  which  tho  images  fall  upon  the  same  parts 
of  the  rotiiia  lie  in  tJie  same  visual  direction ;  and  wheo, 
by  the  notion  of  the  mind,  the  imag«s  or  aflectiouB  of  the 
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rotina  are  projected  into  tbo  oxt«rior  world,  the  relation  of 
|llte  ima^cfl  to  cuch  oth»r  miniunii  the  Mmo. 

11ifl  (otiinntioD  of  the/nmi  o/hoditt  bjr  eigbt  is  the  result 
Xy  of  the  mere  aeasation,  and  partly  of  the  aamctatinn 
idtts.     Sinoe  th«  form  of  the  imajj^M  piirnivod  hy  the 
^MtiDft  de[>en<U  wholly  on  the  outlino  of  the  part  of  tha 
retina  affected,  the  scnaatioD  alone  ia   adixiualo   to  tbo 

I4iatiiHtiaii  of  only  Buperfii-Ial  fi>nna  of  cadi  other,  a»  of 
k  ■qunra  from  n  cin'le.  But  tli>n  idna  of  a  aoUd  body,  as  a 
q>heR>,  or  a  body  of  three  or  more  dimenaioiu,  t.g.,  a  cube, 
can  only  be  attained  by  the  a^iUon  of  the  miud  canjitntctingf 
it  Jrotn  Ibe  diifereut  iiii]H:rii<unl  imugc*  noon  in  different 
]i(Mitiona  of  the  eye  with  regard  to  the  object;  and,  aa 
ahown  by  Mr.  Wheatstone  and  illiutxated  in  th«  Mtmo- 
aoope,  Irom  two  iliffimmt  pRntpcctivn  projuctioDs  of  tha 
body  being  prospnted  timultnoeously  to  the  mind  by 
the  two  ey«ai  Ifvnce,  vrhon.  in  adult  ag«i,  dght  in  Rud- 
denly  rcwtorod  to  jicrsoiiB  blind  from  infunqr,  all  objects  la 
field  of  vitioQ  appear  at  first  aa  if  painted  flat  <m  one 
bc«;  and  no  idoa  of  sulidity  ia  fonnod  until  aAor 
ig  exercise  of  tho  svnso  of  riitioti  combined  with  that  of 


We  JDdg«  of  the  molinn  of  iin  objoci,  partly  from  th« 

of  its  imiige  over  the  surfaoo  of  the  retina,  and 

Jy  from  tho  motion   of  our  ('yen  following  it.     If  tlio 

^imagQ  apoD  tha  retina  movies  wliilo  our  vyv*  and  our  body 

aru  at  rent,  wo  conclude  that  the  object  ia  changing  its 

l^belatiTO  position  with  rt^gtin!  to  ounelvi-s.     In  nuoh  a  cano 

^mhe  movement  of  the  olijixt  may  Ifn  nppiirnnt  only,  aa  when 

^Fm  aie  standing  upon  a  body  which  ia  ia  motion,  such  ft> 

a  ahip.     If,  on  the  other  hnud,  the  image  does  not  moT* 

with  regard  to  the  rrilinii,  Imt  n^muiiis  fixed  upon  tho  saoM 

of  liiat  membrane,  while  our  eyes  follow  the  mOfinj* 

f,  w«  judgo  of  the  motion  of  the  object  by  tlie  muiu- 

t  tioo  of  the  ntuBcles  in  action  ti>  movo  the  cyo.     If  tba 

I  movea  over  the  surface  of  the  retina  yrhUe  the  mua- 

V  c 
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dee  of  tlie  ti^  sre  Dctisg  nt  tbo  snmo  timo  in  a  txiBniwFj 
corrci'jH^uduig  to  ibU  motion,  as  is  reading,  wo  in&rj 
Ibo  olj<x,'t  IK  Ftatinitiu^-,  null  we  know  Uiut  wc  ore  tnl 
ftltering  the  relations  of  our  eyes  to  the  obJMit.     Sonwliniw  | 
tlto  oliJMt  appcam  to  movu  wlien  both,  object  BDd  eye  an 
fisod,  u  in  rertigo. 


Tlw  mind  can,  by  ilio  ftcnlty  of  attrtuitm,  oonoent 
Mtivity  more  or  leas  excliuively  upon  the  musa  of 
livuriu};,  Bud  touch  oltcniHlitlf.  Wlieu  extluaivaly  oorapMd 
witli  tlio  nctioD  of  one  seOM,  it  i»  scarcely  coatcuoui  of  lia 
eeneaitoLB  of  tli»  othen.  Tlie  mind,  when  deeply  immiaei 
in  eontoniplntinn*  of  another  nutunt,  is  ludilTerenl  to  ll» 
actions  of  the  Eenso  of  eight,  as  of  erory  other  Mom.  Wa 
often,  when  deep  in  tboufcht,  liave  our  eye«  open  and  (cui, 
but  >oo  notliing,  bocauw)  of  tlu!  Ktiniuliui  of  onliuiT 
light  being  uniible  to  excite  the  mind  to  peneption 
wlifru  otlieiwim:  ciigiig«d.  The  attention  which  ia  ihui 
necMiMuy  for  risioti,  i»  nccmsury  alito  to  uiudyM  wliat  the 
field  of  viuon  prtaenta.  The  mind  doee  not  perceiTs  all 
tbu  ob]<!cts  pmieuteil  by  thn  fiplJ  of  vituoo  at  the  iasu 
time  with  oqual  acut«De68,  but  directs  itself  tii»t  to  OM 
luid  then  to  wiflllutr.  Itiu  tfunNitiou  beoomvs  moie  inienw. 
Jiccording  m  the  particubr  object  Im  nt  tli«  tima  ibt 
principal  object  of  mental  oontemplntion.  Any  compooid 
matbomaticiil  ilgure  |iToducoa  a  dlflisai 
impreeaion  according  as  the  attrotxo  ii 
dir<!ct«d  exduairelj  to  one  or  the  other  pm 
of  it.  I'bue,  in  &g.  186,  wc  nmy  in  n*n»- 
sion  hare  a  riTid  perception  of  the  wbcJi^ 
or  of  distinct  partA  uuly;  of  th«  six  tnan^ 
upar  the  outer  circle,  of  tho  hexn^u  in  tho  middle,  or  e( 
tlio  three  large  triangles.  The  mora  numerous  and  rajiel 
the  pnrts  of  which  a  figure  is  composed,  the  mote  ace^ 
doee  it  aftbrd  fur  the  pUy  of  tho  attention.  Hence  it  it 
that  arohituvtural  omameuta  have  an  enlivening  cdlcd  on 
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tbo  nonce  of  risioD,   since    ihey  aJIord  coiutautljr   tndk 
subject  for  tlie  acUon  of  the  mind. 

liM  duration  of  tLo  MtiiHiiticm  produced  hy  a  huBunousI 
imprewioa  on  th«  retina  ie  always  greater  tliau  that  of  th«'1 
impraeaiOD  which  producatt  it.    Uowertr  brief  thu  lumiaoiw 
impressioB,  the  cfTvot  on  ilio  rutinn  itlwayv  Insta  for  about 
one-eiphlli  of  a   second.     Tlius,  sui'iioeing  an  object  io 
motion,  taiy  a  honv,  Ui  be  r«veul*Nl  on  a  durk  night  bj  » 1 
fiash  of  lightning.     The  object  vould  be  seen  apparently 
for  au  eighth  of  a  eeoond,  but  it  would  not  a{)|MHr  io 
motion;    bevnuxi    idtliougli    tlw    imngv   roioaincd  on  tbo 
retina  for  this  time,   it  was  rcallj-  revealed  for  such  an 
ttxttemely  sliurt  jMriod  (the  duration  of  a  flosli  of  lightning 
being  nlmi>»t  inntiLntukoous)  that  no  nppreciahla  moreoMiU 
on  the  fait  of  the  object  could  bare  taken  place  In  tha 
poriod  during;  which  it  waa  ruTe«led  to  the  rotina  of  tha 
observer.     Atid  tlic  i<nme  fnct  in  proved  in  a  lereree  iniyiJ 
The  epokea  of  a  rapidly  revolving;  wliuel  are  not  aoeu  a>I 
diatiiK-t  ohjocU,  bucuuno  at  i;vcry  point  of  the  ficild  of  vision] 
over  which  the  nirolving  spokes  pass,  a  given  impr 
haa  not  faded  before  another  comes  to  rejthtcu  it.    Thiut  oveiyl 
part  of  tbo  interior  of  tbo  whrel  appears  occupied. 

The  duration  of  the  a/ter-Kfiiamioii  or  tpectntm,  ]>roduoed 
1>;  an  objwt,  is  greater  in  a  direct  ratio  witti  tlie  dura- 
tion of  llic  imprciKiioii  which  cjiusod  it.     Hence  Iho  image 
of  a  bright  ohject,  as  of  the  panes  of  a  window  throughj 
which  the  Ui;ht  is  shining,  may  he  )j«rceiTed  in  llie 

a  considcraldc  jwriod,  if  wo  have  previously  kept  our 
£jced  fur  some  time  on  it. 

'^1m  colour  of  the  vpi-titrum  vnrica  with  that  of  the  object 
which  produced  it.  Tlie  spectra  lefi  by  the  images  of 
vhite  or  luminous  objecta,  are  ordinarily  white  or  lumi- 
nous; thone  left  by  dark  objf^ts  are  dark.  Sometimoe, 
however,  the  relation  of  the  light  and  dark  parts  in  the 
imagv  ■oBiy,  nndi^  curtain  circunudanvatt,  bu  nmirictl  in 
the  spectrum ;   what  was  bright  may  be  dark,  and  what 
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vna  dark  may  'appear  light     This  ocmn  whOTierrr  tb« 
eye,  vihicix  is  ths  mtt  of  the  Rpertnim  of  a  luminoos  object, 


Kff.  i87." 
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is  not  doaeil,  fast  find 
upon  onoiher  bright  a 
wliilo  KuHiu«,  aa  a  wUfe 
wall,  or  a  shM*  of  whit* 
paper.  Hence  the  specttm 
of  tbe  ami,  which,  vhilt 
lig'ht  la  excluded  from  ih* 
oye  i»  laminotui,  appeals 
black  or  ^kj  when  Ih* 
eye  in  directed  upon  a 
white  surface.  The  explanatioD  of  thu  io,  that  tha  part 
of  tbe  reltua  wliich  h(u  received  the  luminoiu  imag* 
remain*  for  a  certain  pmod  aflrrwarilii  in  tui  i^xltniisted  <r 
kas  aenaitive  Mate,  w-hiki  thai  whirb  haa  received  a  doik 
image  in  in  an  un«xhiaust«d.  and  tlien;fore  moch  nrae 
sxdtable  condltioo. 

The  ocular  s]it>ctra  which  remain  after  the  imprcanoo  of 
coloured  olijecta  i^on  the  rrtinasre  always  coloured;   ud 

■  Rfr.  1S7-  X  cirvls  dionrinj;  the  rutou  •imi>l'  •nd  vfvA 
colour*  of  li^hl,  ami  tliosr  vhifb  ua  coiupleiDviiUl  uT  MKh  olhar,  iA, 
which,  "hrn  mixwl,  prxluco  n  nculral  gtvj  tiuL  The  thr»«  ttsfll 
colonni,  led.  ycUnw,  xnd  bine,  arc  t<lunl>ttbciui};I««of  aaeitiiiUNiil 
tiuo^lc  ;  which  ant oonntcteil toftctbcrlir mnoaofadrdt  ithtaiul 
ootaun,  tCTMoi,  onuifp,  and  vloltt,  ore  [iliiccd  bitcnne^atc  bttKUUi  tt* 
corTMpondlng  ibnp)*  or  hcmogtmooiu  coldur*  ;  uiil  the  camplaiaaital 
colnurt,  of  whirl)  th«  pi(cni«ula,  whan  niixnl,  wnuld  oeanIltnU  a  fpij, 
aiiil  (if  whii'h  ihe  primutia  apcctra  wouU  tof-rthFr  |>roiIaK  a  whitt  Bgh^ 
will  be  (uund  Iq  lie  phmd  to  uch  case  oppou'te  to  each  oth<r,  tml  <*■- 
nevttd  hjr  a  lin*  paaiinx  thronjth  tho  cantra  of  tho  drcln,  Hw  Agna 
u  abo  nMitii)  in  ahoMag  l|i«  [urthcr  thadi^  of  rol«nr  wkldi  tn  aa» 
plemmtarr  o(  nch  other.  If  the  drcla  ho  au|i[K(Kd  to  eniUin  nWT 
tnuiirltliin  rjf  t-olour  Iwtweai  the  ni^t  muktd  down,  those  which,  whea 
nnftcd,  jricid  a,  white  or  gray  cirloiir,  will  alwnya  b«  Cmnd  dttw^ 
eppuailc  In  cneh  olhar ;  thiia,  f"r  f Kamji!-.  dm  inl?rnic»!lat«  tint  b««WMa 
nniigv  uid  red  la  coupluiunital  of  the  miilJk  tint  between  grvM  imI 
Uav. 
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»I<mr  i«  not  that  of  the  oliject,  or  of  the  ima)^  pio- 
duw<d  diroctJy  hy  tlio  olijwt,  btit  lh«  opposite,  or  tompU- 
nuiital  colour.  Tho  spectrum  of  a  red  object  u.  thonfbn^ 
gmva :  thAt  of  a  green  object,  r«d ;  that  of  violet,  yellow ; 
that  of  yellow,  violtit,  and  n  on.  Tho  rKoaan  of  tliia  ia 
obvioui.  The  port  of  tho  retina  vhich  receiveB,  aay,  a  red 
imai^,  ia  w«arie<I  by  that  parlititlur  cobur,  bat  rontains 
Mumttiro  to  ttio  otlior  rayii  which  with  rod  make  up  while 
li^ht ;  and,  therefbre,  thete  by  themaelveB  reflected  from  a 
white  object  produce  a  gmcu  huo.  If^  on  the  other  hand, 
the  tint  uhjiKTi  Wked  at  be  grwm,  the  redna  being:  tired 
of  grwn  rays,  receives  a  red  ima^-e  when  the  eye  U  tiuned 
to  a  while  obji^t.  And  *o  witli  tlio  other  cohiurx;  thfl 
retina  wliilo  fntiguod  by  yellow  rays  will  suppose  an  object 
to  be  violet,  and  vice  vend  ;  the  aixe  and  aliape  of  tho 
ajiectrunt  (timinpondiug  with  tho  sue  and  shnpo  of  tho 
original  object  looked  at.  The  colours  which  thus  recipro- 
cally ezcit«  each  other  in  the  retina  are  those  placed  at 
itpposite  luinla  of  llie  drule  in  fig.  1S7. 

Of  thu  Ittcipmcal  Action  0/  differtnl  Partt  of  the  Ilttina  on 
each  ollur. 

Altliough  I'lit'h  id«?iuciitary  part  of  the  retina  reprosoats 
a  distinct  portion  of  the  field  of  vision,  yet  the  dilTerent 
elemeutju-y  purU,  or  sensitive  points,  of  that  Dicmbmue 
bave  a  certain  induence  on  each  other ;  the  particular  OOQ- 
dition  of  oua  iuiluenciug  that  of  tuiotlier,  so  that  the  iinag* 
perceived  by  one  part  is  modilied  by  the  imago  depicted  ia 
the  other.  The  phenomena,  which  result  fixim  this  lell^ 
tion  between  tlie  diUorent  parts  of  thu  retina,  may  b« 
arranged  in  two  classes-  the  one  including  thosu  where 
the  condition  exinting  iu  tlie  greater  extent  of  tho  rotiaa  is 
imparted  to  the  teuiainder  of  that  membrane ;  the  other, 
consisting  of  those  in  which  tlio  condition  of  thu  larger 
portion  of  Die  retina  eicitss,  in  tlie  less  extensive  portion, 
the  opponitu  condition. 
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1.  Wheo  tvo  opposite  imprassioDa  ooour  in  coolijiattit 
partK  of  ma  inutgo  or  the  rotioa,  Om  one  iiupr«uioD  i^ 
under  cortaiD  cireunutuicu,  modiGod  liy  Uie  otber.  D 
tlie  impRMtons  oconp;  each  one-balf  of  the  imago,  diii 
doM  not  tulcu  pljioo;  for  in  (hnt  com,  their  actions  «n 
Oqnidljr  balanced.  Dnt  if  ono  of  the  impronions  owwfiiw 
only  ■  snuUl  part  of  thi>  retina,  and  the  oth«r  the  gmhr 
part  of  its  mirfaoe,  the  latter  may,  if  long  niMitinoed,  a- 
tend  its  influence  orer  thfl  vbola  ictaiui,  to  that  thi 
Dpponite  le»a  itxteit-HiTa  imprOirioD  b  BO  loug«r  p«rc«Tei 
and  )t«  pJiuM)  beoomas  occupied  bj  tho  Mma  Msaaalion  ai 
th«  rost  of  tho  field  of  risioa.  Thus,  if  n-e  fix  tfao  071 
tor  aomn  tiin«  Upon  a  strip  of  eoiourod  itajx^r  lyinf;  upot 
•  white  Eurface,  the  image  of  th«  coloured  olijod; 
espAoially  when  it  foUii  on  tho  lateral  pans  of  the  retim, 
viU  gradnalljr  disappear,  and  the  while  mirfiioo  b«  *ent  (a 
its  place. 

2.  In  the  sec^ond  rlaas  of  plienomcna,  llie  nfTectioQ  of 
one  part  of  the  retina  influences  that  of  anotlier  part,  not 
In  mich  a  manner  as  to  ohlittTate  it.  but  so  aa  to  cause  it 
to  bc«flm«  tho  contrast  or  opposite  of  itself.  TliuH  a  gnj 
spot  upon  a  while  ground  appean  darker  than  the  sou 
tint  of  grt^y  woiilil  dn  if  it  ainiie  nneupied  the  whole  6cU 
of  Tision,  and  a  shadow  is  always  rendered  deeper  wIih 
the  light  which  gives  rise  to  it  becomM  more  intcoait 
OWlDg  to  tlie  greatrr  contrast.  Tlio  former  phanoiaeM 
enaue  gradually,  and  only  after  the  images  have  boM 
long  fixed  on  the  retina ;  the  latter  are  iu^tautaneous  in 
their  production,  and  are  p«vtn«nent. 

In  tlie  same  way.  alao,  ooloura  may  be  produced  by  caa^ 
trost.  Thus,  a  very  small  diili-grr'y  ntrip  of  paper,  lying 
Upon  an  eztensire  surface  of  any  briglit  colour,  does  Dot 
appear  grry,  but  lius  a  fnint  tiiit  of  the  colour  which  is  tbs 
complement  of  that  of  the  surrounding  nirfiioe  (wee  page 
661).  A  strip  of  grey  paper  ujKin  a  green  field,  foar 
example,  often  appears  to  havo  a  tint  of  nwl,  and  when 
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lytiif'  Qpon  a  red  tiuriikce.  a  ^Toenlsh  tint ;  it  has  on  onm^v- 
ooIuutihI  tiitt  iipiMi  ■  l>ri}cht  blue  surfiice,  and  a  bluetsh 
tint  tipon  as  otangv-colourod  mirijtoo ;  a  j«llowi«li  rolour 
upon  a  1>ri);bt  nolet,  and  a  violet  tint  upon  a  bright 
j^ellow  Hurfupo.  TIui  fnlotir  excited  tliaa.  As  a  contrast  lo 
thfl  exciting  colour,  being  wholly  indcpradvnt  of  uny  ny» 
of  thtt  oomoiwndiiig  colour  acting  from  vitbout  upon  Iho 
rntina,  must  nrim  as  on  oppoaite  or  antagoniatie  eotiiltlion 
of  that  membrane ;  and  the  oppoeitfl  couditioDS  of  which 
the  rutina  thiiN  bivoiDR*  tho  aabjeet  vould seem  to  balance 
Mcb  olber  bv  llieir  reciprocal  reaction.  A  nacwury  can> 
dition  for  the  production  of  the  contrasted  colours  is,  that 
the  piirt  of  the  retina  in  whicli  the  new  colour  is  to  be 
esciled.  abail  be  in  a  state  of  comparatiTO  repofio;  hence 
llio  nnall  oljoct  it.->oIf  muMt  bo  grey.  A  aeoond  oandition 
is,  that  the  colour  of  the  surrounding  sariiico  shall  bo  Tvty 
bright,  tltat  is,  it  iJiiiII  coiituixi  ranch  white  light. 

The  retina  corresponding  to  Iho  point  of  tintraoco  of  the 
Optic  nerre  Ia  i^uraiilcti^Iy  innenaiblo  to  the  iinpreesiooa  of 
light.  The  phenomenon  itivjf  w  very  rrmdily  Nhown.  If 
we  direct  one  eye,  tbt*  other  being  closed,  upon  a  point  at 
•ucli  a  distatic^n  to  thn  Kidc  of  auy  object,  that  the  image 
of  the  latter  must  fall  upon  the  retina  at  tlie  point  of 
entruuce   of  llio   optto  nerve,  this  image  is  lost  eitlMr 


,  or  vnj  BOon.  If,  for  example^  w«  «Io» 
iliMft  vf«,  and  direct  the  axis  of  the  right  eye  steadily 
nit  the  cirt-uliir  M|tot  faera  rapwaaftted,  trhilo  thn  page 
'  ^Id  at  a  distance  of  about  nx  inchee  from  the  ere, 
di>t  and  cross  are  vitible.  On  gradually  iDcreasiug  ilie 
distance  bt'tvroon  the  nye  nod  the  object,  by  lemoving 
Ibe  book  further  and  farther  from  the  face,  and  still 
keeping  llie  right  oye  ntnulily  on  tlin  dot.  it  will  be  found 
that  *ud<len)y  the  cross  disoppoars  from  view,  while  on 
removing  the  book  still  Cuther,  it  suddenly  oouieu  in  sight 
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Bgttin.  The  cuiae  of  Uiu  pbenomeDoQ  is  ntaplj  that  tiw 
portion  of  retioik  wludi  U  iMx:i)i>i<d  lij  the  entxanoe  of  tiu 
Optio  nenre.  U  quite  blind ;  acd  tlwrefortt  that  vliMi  it 
alone  occupica  tb«  Geld  of  y'uaoa,  objects  omae  to  U 
Titible. 

<y  tht  Siinult4meMa  Jctitm  of  tht  bra  Eyei, 

Alihmtgh  tho  MDW)  of-ai^ltt  is  «x«rciMd  by  Iwo  fOffMa, 
jet  the  iiDpTf«aion  of  an  olijwt  oonwj^ed  to  tha  ninl  ti 
■ingl«.  Variinu  tlieoriea  baTO  been  advanoed  to  aeuol 
fi>r  tit'iM  jtlMiaonuinoD.  By  Hull,  it  wiw  auppoaed  that  m 
do  not  really  employ  both  «yt«  timultonoously  in  TiMn, 
but  alwayi  aee  with  ooty  one  at  »  time.  Tbia  «q>ecial 
•mplaymvnt  of  ona  eyo  id  -riaiou  rartainly  ocean  m 
peteons  whose  eyes  are  of  T«iy  unequal  focal  diataace^  bnt 
In  the  majority  of  individuals  both  eyes  ar«  simnllaBaau^ 
in  action  in  the  pcrooption  of  iixt>  same  object;  this  is 
shown  by  tlie  double  images  seaa  under  ocartam  cvodition*. 
If  two  fiiignnt  bn  bold  up  boAm  the  eye^  ome  in  front  of 
the  other,  and  vision  be  directed  to  tho  mora  distant,  to 
that  it  is  iHH.li  siiif;ly,  the  nearer  will  a]i]>ear  double ;  wliilt^ 
if  the  n^tntvr  one  be  r^udcd,  the  niiwt  di»tiuit  wiU  U 
seen  double ;  and  one  of  Uie  double  images  in  each  tasi 
will  l>L'  found  to  belong  to  one  eye,  the  otlter  to  the  olW 
eye. 

Single  Tision  results  only  irbm  certain  parts  of  llur  two 
rc^ntc  are  effected  simultaneously ;  if  differont  parts  it 
the  retinu)  nwc-ive  tliv  iuiuge  of  the  object,  it  is  smd 
double.  Thr  parts  of  the  rctinw  in  the  two  iiye*  which 
thus  correspond  to  each  other  in  the  property  of  refenii^ 
the  images  wliiuh  iitl'n:t  tlimn  siwultjuieoueiy  to  tlie  aaae 
spot  iu  tho  fidd  of  Tiaion  arc,  in  mim,  jtut  tlw«o  parts 
wbirb  would  oone^ond  to  each  other,  if  one  retina  ntn 
piuMid  exactly  in  tVont  of,  and  orcr  tlie  other  (as  in 
fig.  l8S.  c),  Tbua,  the  outer  lateral  portion  of  one  oys 
ooixespunds  to,  or,  lo  use  n  bolter  tcnn,  is  identical  with. 
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iim«r  portion  of  Iho  other  eye ;  or  a  of  the  eye  a  (fig. 

l88)  wiih  n'  of  the  eye  b.     The  upper  part  of  one  Ktiiui  is 

iilso  identical  with  tli« 

upper  p«rt  of  the  <it]ii.T ; 
»       aod  die   lon-LT  parta  of 
B  the  tvo  «}-«•  are  idcu- 
V  tical  vith  eacli  otb«r. 
I         I'his    in    proved    b7 

•     ungl»    experiinent. 

IPnwnre  upon  nay  port 
of  the  bftll  of  tliQ  ejA  so  as  to  affect  th«  retina,  produces 
a  luminous  circle,  M«n  Kt  the  op[>o(iilo  side  of  the  field 
of  TLMOD  to  that  on  which  the  preMuro  is  madu.  If,  now, 
is  »  dark  room,  we  prewt  with  tlie  finger  at  the  upper  part 
of  ono  eye,  and  at  tho  lower  port  of  the  other,  two  lumi- 
nous circles  are  seen,  one  aboTo  tho  other;  no,  also,  t»'o 
figures  are  seen  when  pofiwmi  in  made  dimultancously  on 
the  two  outer  or  tho  two  inner  cidos  of  botli  eyes.     It  is 

Itiortain,  therefore,  that  uelllter  the  upper  port  of  ono 
retina  and  the  lower  pnrt  of  tlie  oilier  aro  identical,  nor 
the  ouler  lateral  parte  of  the  two  rotiniv,  nor  tlieir  inner 
lateral  portions.  But  if  prcxsure  be  made  with  tho  fingers 
Upon  both  eyes  siinultntieoiisly  ut  their  lower  part,  one 
I  ring  is  seen  at  ibe  middle  of  the  iipptir  pitrt  of 
( Said  of  vision  j  if  tlie  pri^ssuro  be  applied  to  tho  upp<5r 
put  of  both  eym,  a  single  luminous  cirde  is  seen  iu  the 
middle  of  tbe  fi«ld  of  vision  below.  So,  also,  if  wo  press 
upon  the  outer  side  a  of  tho  eye  a,  and  upon  tho  inner  side 
«'  of  the  eyv  b,  a  single  sjieotrum  is  produced,  and  is  ap- 
pWftnt  at  the  extreme  right  of  tho  field  of  vision ;  if  upon 
the  point  b  of  one  eye,  and  the  point  b'  of  the  other,  a 
single  spectrum  Is  soen  to  the  extreme  left. 

The  sphered  of  tho  two  retinro  may,  tliereforo,  be  re- 

ganhrd  w  lying  "i^  ovti  tho  other,  as  in  c,  tig.  l88;  so 

that  the  left  portion  of  one  oyo  lies  over  tlie  ideutiual  left 

.e  other  eye,  the  right  portion  of  one  eye  OT«r 
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tbe  identical  right  portion  of  thn  oHmr  cy« ;  and  wttb  Uw 
u|«per  and  tower  poriioDS  of  tho  two  flym,  a  lies  ov«r  a',  i 
oTirr  b',  nnd  <■  over  e'.  The  pcHols  of  tho  ono  rfiliua  iuler^ 
mnliiiUi  Iwtwvcoi  n  imd  e,  an  ugiiin  idauttcal  willi  Q» 
correepODding  points  of  tbo  other  rotian  1>ctwoeii  a  and  t; 
thoae  betn-eea  ft  and  c  of  the  one  retiiui,  villi  tlioae 
betwoon  t'  ruid  e'  of  tlio  other.  In  iibott,  all  other  parti 
aro  Boa-identical :  nnd,  when  thev  nro  excitMl  to  action, 
the  effect  ia  tlio  umii'  a»  if  the  impreattiooa  wero  tnodn  oa 
difflmnt  ports  of  tlio  eamo  retina :  and  the  doubU  inu^ 
belonging  to  the  eyee  \  and  n,  are  aeen  at  exactlj  the  nme 
dialanoo  (roni  endi  uthfr  ua  nxista  b<:twMu  tlte  image  of 
tlio  cyn  A  and  the  part  of  the  rrtina  of  thn  oyt  *-  wUdi 
ooneeponda  to,  or  ia  tdeatioal  with,  the  seat  of  the  atorad 
imago  in  tlui  <ytt  n  ;  or,  to  rvfiim  to  tho  figure  alrtadf 
used  in  illuatratioD  (tig.  iHS),  if  >t  of  one  ojru  he  afl^cicd, 
and  b'  of  tho  othvr,  th«  diHlaucea  of  the  two  !mag«8  «  anA  1^ 
will,  inasmuch  aa  «  is  identical  with  a,  nnd  '/  with  ft,  lie  at 
exacllr  tho  Mune  dixtauM  &om  each  other  as  imegn  pto* 
duGod  by  impTwsioM  on  the  point*  n  6  of  tho  ono  t-jt,  or  d 
b'  of  the  other. 

In  aiijdicatinn  of  then  rcaulta  to  tho  phenomeu  of 
TtmoD,  if  tli«  position  of  tho  ejriM  with  ivganl  to  a  liuKi- 
noua  olijec^t  be  such  that  biitulsr  iiuagee  of  the  anna 
obj<)Rt  fall  ijii  idciiticjd  i>artn  of  tlio  two  retinae,  aa  oonn 
when  the  axee  meet  in  some  one  point,  tho  ot^oct  is  mm 
aiugle;  if  otherwise,  as  iu  the  various  forma  ot  squinlja^ 
twoimngMBneformed.snddoubleTinoDroaulla.  IftheasM 
of  the  eyes,  a  and  b  (fig.  1 89),  be  eo  directed  that  thnj-  meet 
at  a,  uii  ulijoct  ut  a,  will  l>e  Mi'on  Ningly,  fur  tlio  point  d  of  the 
one  retina,  and  «'  of  the  other,  are  identical.  So,  also,  if 
the  olject  ^  bu  no  nitiialnd  tlitit  its  image  folia  in  both  era 
at  the  some  distance  boux  the  oentral  point  of  tho  rolina, 
— ^lamely,  at  b  in  tlie  ono  eye,  and  at  b'  in  lh«  Other. — fi 
will  bo  Kren  single,  for  it  affects  identical  porta  of  tho  two 
rotinio.     The  same  will  apldy  to  tliv  objoct  y'. 


StNGLB  VISION. 


667 


In  <iun(Irup4<k,  thv  rolntion  botmwn  tli«  idnlioal  and 
I  nnn-identicfi]  p&ru  of  the  letiniD  cannot  be  the  same  aa  in 
'  mftn ;    for  tlio  axco 

I  of  their  cyM  gone-  ^'  '^ 

indly    diTOrRe,     uiid 

[can  never  hif  muAe 

to  meet  in  one  point 

of  an  ol>jevt.     When 

BD     animiJ     regards 

ao    obj«wt     6iiuat«4 

directly   in   front   of 

it,  the  intngo  of  the 

object  must  fall,  in 

both    e^M,    on    tho 

outer  portiiin  of  Ihe 

ntium.       ThtiM    t)ia 

iuttga  of  tlio  objpct 

ia  (fi^.  191)  wilt  fall  at  a'  in  one.  and  at  a"  in  tlie  other;  and 

[these  poinltt  it'  and  a"  must  be  i<lfnti<'nl.     So,  alo^.  for  diii- 

ot  ami  niiglu  »i»ion  of  objwtJt,  h  or  c,  the  points  h'  ond  h", 

[  or  c'c*,  in  the  two  retinio,  on  which  the  imagoM  of  these  ob- 

I  fall,  mttat  be  idoiiliuul.  All  |>i>iiit4  of  (he  retina  in  nacli 

ivhith  rpiwivo  rays  of  light  from  lateral  oljerts  only, 

'can  have  no  (orrenponding  identical  pointa  in  the  retina  of 

tiifl  otltiir  ryr ;  fur  i>th(!rwiso  tuo  objtictii,  ono  situated  to 

the  right  and  tlie  otiier  to  the  left,  would  appear  to  Uo  in 

the  aanie  spot  of  the  BiJd  of  viKion.     It  in  iimbiilili^,  there- 

^^&r9,  that  thero  are,  in  tho  eyoa   of  aniniaU.  part«  of  tlio 

^ntiiUB  whioh  are  ideulieal,  and  parta  which  are  not  idea- 

tical,  iy.,  pnrts  in  ono  which  ha^-ii  no  pflrroepnnding  parts 

^,  ill  the  other  eye.     And  the  relation  of  the  two  retlns)  to 

^Mttoh  other  in  the  field  of  viiuoa  may  be  reprcaeuted  as  in 

Bff.  190. 

^B  The  oauae  of  the  impresaiona  on  the  identical  pointa  of 
tlto  two  retina)  giving  ri«e  to  but  ono  scnMition,  and  tho 
perception  of  a  singlo  iinag^e,  must  either  lie  in  the  atruo- 
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tnnl  orgaaisBtiiOii  of  tfa«  deeper  or  cer«brBl  portion  of  tin 
Tumal  apparttas,  or  bo  Um  nwuU  of  a  meDtttl  tuyenticK; 
for  la  DO  other  coao  ia  it  Iho  property  of  the  oorre«poBdia(- 
n«rT«fl  of  thi)  two  sides  of  tho  body  to  re&r  their  i 
turns  aa  one  to  one  spot. 


iV.  190. 


/«■■  '9'- 


Mnny  nttomptit  haro  boen  mndo  to  explain  this  mnsd:- 
oble  relation  between  the  eyOB,  by  referring  it  to  analom- 
col  relation  between  the  optio  nen-M.  The  moiuatliait 
of  tho  innor  portion  of  the  fibre*  of  tho  two  optic  nemt 
decussating  at  the  connuAsur^.  and  pasaiog;  to  the  ejre  rf 
tho  oppOMte  aide,  whilu  Uio  outer  portion  i>f  titn  fibnt  Mt- 
tinuo  tlinir  cuumo  to  the  eyo  of  tho  same  aide,  so  that  tte 
loft  side  of  both  retiiue  is  formed  bom  one  root  of  Ihi 
nerves,  and  the  right  aide  of  Itoth  retimn  from  the  othm 
toot,  iiataollj  Icttd  to  on  atl«mpt  to  explain  the  plwas- 
moDOD  by  (his  dtstribudon  of  the  fibres  of  the  dsttm. 
And  tliia  exiilaiiation  is  favoun>d  by  rvur*  in  wliicH  tli« 
(-■utiru  of  ono  side  of  the  retina,  as  fur  as  the  central  poiut 
in  both  eyes,  eotneliniM  beoomea  insensiUe.  But  Udllir 
shows  the  inadeqaatoDOM  of  this  thsoir  to   expUia  ths 
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vaicm  it  bo  iiui>powxl  tltat  «adi  fibre  in  e«ch 
portion  of  the  optic  norro*  diviil<«  in  Ute  opUa 
into  two  branclies  for  the  identical  point*  of 
tvo  rntiDn),  u  iit  nltowii  iu  %.  192.     But  Ut«r«  ia  00 
tot  such  eupposition. 
By  nnotlier  theoiy  it  ia  assumed  that  each  optic  nerro 
looDtain«  cxiic:d}'  the  Kame  iiumlier  of  fibres  as  the  other, 
that  the  corresponding  fibnw  of  the  tno  nen-ea  an 
ixltad  in  the  sensorium  (as  in  fig.  193)*      Hut  in  this 


/)/■  *9'- 


Pij.  193. 
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theory  no  account  is  taken  of  the  partial  dccusiiation  of  the 
fibres  of  the  uervea  in  tUi!  optic  ooiDmissure. 

According  to  a  third  theory,  the  fibres  a  and  a',  Rg.  194. 
comiog  from  identical  points  of  the  two  retinto,  are  in  tlie 
optio  commissure  brought  into  one  optic  nerre,  and  in  tho 
brain  either  are  united  by  a  loop,  or  spring  from  the  same 
point.  The  aauie  disposition  prevails  in  the  case  of  the 
identical  fibnw  b  and  b'.  According  to  thix  tlioory,  tho 
left  liolf  of  each  retina  would  bo  represented  in  the  left 
faomi^fhere  of  the  brain,  and  the  right  half  of  each  retina 
in  the  riKlil  licmiMphero. 

Another  explanation  is  founded  on  the  foot,  that  at  the 
anterior  part  of  the  commissure  of  Lh«  oi>tio  nem,  certain 
fihriM  pass  BCTOM  from  the  distal  portion  of  one  netre  to 
the  corresponding  portion  of  the  other  nerves,  as  if  they 
were  oominiMurul  librea  furuiug  a  counoction  butwu«u  tluj 
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retiiup  of  the  two  eyin.  It  is  mppoved,  iad«r|l,  titat  i 
fitmw  may  ocmuect  tbs  GOmspondin^  parts  of 
ntiiui',  himI  maj  tliuH  imciiIaui  tbeir  uail^  of  ontion ; 
ttaaie  w»y  that  corrfispoiKiin);  parta  of  tha  rerobral  luuni-l 
qtheres  are  beared  to  bo  ctiiuMti^  to^hnr  by  tint  am-  ] 
niesitral  fikrea  of  the  coipus  caUoautu,  aD<I  to  enabled  t>  J 
i-xorciiie  amty  of  ftiuction. 

But,  nn  thu  irholn,  it  is  mora  probaUe,  HuA  iba ; 
of  forttting  a  singlo  idea  of  an  object  from  a  doul 
preaBwa  conrej-cd  \ty  it  to  tlie  qrM  is  the  rCKuU  of  «  ; 
■ct.  This  riaw  is  supported  by  tfao  eame  facts  as 
«nq»1ojred  b;  i'rofsMor  nitedtstouu  to  aliow  timl  this  | 
in  sulMTvieut  to  Um  pnrpoM  of  olitnining  a  right 
tion  of  bodies  raised  in  relief.     When  an  object  ts  ] 

fv-  '95- 


9a  near  tbo  ej-ee  that  to  riew  it  the  optic  oxos  most  «»■ 
verge,  a  different  perspective  projection  of  it  ia  seen  by 
ea<ib  ayo,  these  pompectivte  being  more  diitsitnilor  M  tlM 
oOBTOrgence  <^  the  optic  ucos  bocomefl  greater.  Thu,  If 
nay  tignm  of  tbree  dimenaions,  an  oQUine  cube,  for  «• 
ample,  be  held  at  a  modurata  diHtance  before  tlte  sjm, 
and  viewed  with  each  eye  succossively,  wliilo  the  bead  ii 
kept  porfetrtly  steady,  x  (Cr,  195)  will  be  the  pii-tiire  pi*- 
senUid  to  llio  right  eye,  and  u  that  nnon  by  the  left  offt. 
Mr.  Wheatstone  has  ahown  that  on  this  cireumataoce 
<Iej)eii<U  in  a  grout  meuAure  our  conviotlon  of  the  solidilf 
of  nn  nhJQct,  or  of  its  prqjoction  in  relief.  If  diffennt 
perspectiTe  drawings  of  a  solid  body,  one  representing  the 
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ima^  seen  by  the  ri(;Iit  eye,  the  otlter  that  seen  hj  tbe 
left  (lor  luuuapli),  tiui  drawing  of  n  <'h)>()  a,  n,  jig.  IQS),  lin 
I  preseoted  to  corresponding  parte  of  lh«  two  netinro,  ns 
Binay  b«  readily  done  by  nicana  of  the  ttertateope,  an  iiistni- 
mont  invontod  by  I'rofcjwnr  \Vh«it«toiiP  for  tlm  j>urpo«o, 
tiie  mind  will  perceive  not  merely  a  single  repreeeotation 

I  of  the  objeirt,   but  a  body  |irt)jt«tiiig  in  relief,  the  exact 
oouDtetport  of  that  from  which  the  dranings  were  made. 


»x«8  or  ni:Aiti!(ci. 


Analoms  0/  the  Organ  0/  Heating. 


f-if.  196.' 


For  deecriptifo  purponea,  the  ear,  or  organ  of  hearinjf, 
ia  diridiNl  iuto  tlin^u  piirta,  the  fxUnial,  the  middh,  nud  tUe 

IinUrwd  ear.  Tho  two  first  are  only  ncccortory  to  the  third 
or  internal  ear,  which  contains  the  ««dential  parla  of  an 
Oig^au  of  hearing.  The  u<:<^)nipnuy- 
ing  ligiin:  shows  vory  well  the 
relation  of  theee  diriaioQH, — one  to 
tli«  otliQr(fig.  iqO). 
The  oxtemnl  i>ar  consists  of  the 
ptinM  <a  auricle,  and  the  extoruid 
tmditery  tanal  or  meatia.  Tlin  prin- 
ci|Md  [ukrts  of  the  }nHva  are  two 
prominent  rims  enclosed  ouo  within 
the  otlier  (Jielix  and  ontihelix),  and 
a  central  hollow  uainud 
['timeha  ;  in  front  of  tli»  •'wicha, 
a  proniiii(!Dco  directed  backwartb, 
the  Ira-jut,  and  opposite  to  this,  one 
direct«d  forwards,  tho  antitmgut.     Prom  th«  ooitoha,  the 


"  Rg-  '9<>.     OulCT  snrfaec  of  lliu  piana  nf  ttio  right  auricle  1— i 
twlil;  I,  htat  lit  llih  liutix  ;  j,  aiitilmlii ;  4,  fosia  of  tlio  uitUwlizi. 
5,  audtmeuii ;  6,  tn.ffu ;  7,  condu ;  8,  l«bul«. 
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aaditory  oonid,  vitli  a  ttlight  uA  directed  upn-ordii,  paam 
inwards  and  «  tittle  forwanla  to  tha  niembmta  tjnipmi, 


to  wliicJi  it  tlius  mrros  to  oddti^  the  vibrating  air.     tti 


*  Fif.  197.  KagiMninitia  view  Item  Wnt*  of  Uia  jMrt*  eMip<rfi| 
tbe  orfpionf  )iMHRX<>rthol*(titdi<  (alrnr  AniuUk — Tlw  t«mi>i)nl  boM 
of  tho  loft  si<lc,  irilli  tlie  •CMm[MU)*iii^  nift  p&rta,  bai  Weu  'IcUcbgl 
fkimthahoad,  uidBwctiou  haabwu  rurripJ  tIirou;gb  it  trAiuTiruIj',  m 
u  (ermioTc  thefrDOtof  thomMtO)  tiltrniu.  hdf  tlic  tympDiii?  m<a- 
hnat,  tlin  npp*r  nnd  anterior  wbU  of  tho  tpspBiitiRi  ait<l  Kr]at»ehiu 
tubs.  Thn  niMlD*  Intern  ii«  lianalm  be*n  apAn*],  and  Iho  Imi;!;'  iabjrrinii 
•spoMil  by  th*  rcRioral  of  ih>  (itrrouniUii^  pMla  of  tlw  pctrom  bob 
I,  the  piniui  Had  toho ;  3,  >',  inMlii*  extenitu ;  l',  tneinbranA  tymfMU ; 
3,  raritjr  of  Uic  tpnpuuniu  ;  3',  ila  ojwnin^  bukirinlA  into  the  nuKtEnl 
mIU  ;  bctweoi  3  and  i.  tho  cboinof  laaoll  bone* ;  ^.  Euitacbiaa  Inbt; 
5,  maatnt  inttnitu  coutaiuiiiK  tho  facial  (uppeniioat)  and  tho  ouilltMj 
Dervna ;  6,  placed  on  the  Tcitibulo  of  ihci  Ubyrinih  abinv  tka  frwittt 
nTali« :  <i,iipiiiof  t]ia]>«troniil>i)iip;  !•,  iiiti-fnili'irvlldiLrttr;;  r.atjloM 
pTOCcm :  rf,  facial  nnrr*  ttmiing  from  tlio  trt;t»'iDMtoJiJ  funiiBiiR  s  t, 
mMtoul  iira«Ma:/,  tiiuaaioua  part  of  tbo  bona  oonncl  b7  int«gaiu9^ 
tie. 
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outer  part  cooeistfl  of  £bro-cartiIage  contmued  from  the 
concha ;  ita  inner  part  of  bone.  Both  are  lined  by  ekin 
continuous  Tith  that  of  the  pinua,  and  extending  over  the 
outer  part  of  the  memhrana  tt/mpani.  Towards  the  outer 
part  of  the  canal  are  fine  hairs  and  sebaceous  glands, 
vhile  deeper  in  the  canal  are  small  glands,  resembling 
the  sweat-glands  in  structure,  which  secrete  a  peculiar 
yellow  substance  called  cerumen,  or  ear-wax. 

The  middle  ear,  or  tympanum  (3,  fig.  197)  is  separated  by 
the  memhrana  tympani  &om   the  external  auditory  canal. 
It  is  a  cavity  in  the  temporal  bone,  c^>ening  through  its 
anterior  and   inner   wall   into   the   Eustachian    tube,    a 
cylindriform  flattened  canal,  dilated   at   both  ends,  com- 
posed partly   of  bone  and  partly  of  cartilage,  lined  with 
mucous  membrane,  and  forming  a  communication  between 
the  tympanum  and  the  pharynx.     It  opens  into  the  cavity 
of  the  pharynx  juBt  behind  the  posterior  aperture  of  the 
nostrils.       The    cavity  of   the   tympanum  commimicates 
{H)sferiorIy  with  air-cavities,  the  maatoid  eelit  in  the  mas- 
toid process  of  the  temporal  bone;  but  its  only  opening 
to  the  external  air  is  through  tlie  Eustachian  tube  (4,  fig. 
197).      The  walls  of  the  tympanum  are  osaeoua,  except 
where  apertures  in  them  are  closed  with  membrane,  as  at 
the  fenestra  rotunda,  and  fenestra  ovalis,  and  at  the  outer 
part  where  the  bone  is  replaced  by  the  memhrana  tympani. 
The  cavity  of  the  tympanum  is  lined  with  mucous  mem- 
brane, the  epithelium  of  which  is  ciliated  and  continuous 
with  that  of  the  pharynx.     It  contains  a  chain  of  small 
bones  {omcula  audUut),  which  extends  trom  the  membrana 
tympani  to  the  fenestra  ovalis. 

The  membrana  tympani  is  placed  in  a  slanting  direction 
at  the  bottom  of  the  external  auditory  canal,  its  plane 
being  at  an  angle  of  about  45°  with  the  lower  wall  of  tho 
canal.  It  is  formed  chiefly  of  a  tongh  and  tsnse  fibrous 
membrane,  the  edges  of  which  are  set  in  a  bony  groove ; 
ita  outer  surface   is   covered  with  a  continuation  of  the 
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eutaneoos  lining  of  tbo  auditor;  canftl,  its  inner  aurloK 
vitli  put  uf  Ihe  ciliated  inucoiu  lUMubraaa  of  the  tym. 
paount. 

Hie  smaD  bones  or  omde*  of  the  ear  are  three,  nuDd 
mtiUgta,  ituvt,  and  Hapei.  TliO  auiikiu,  or  luumuDr-lmnc,  ii 
attached  hy  a  long  tMghOy-aimd  proroM,  calUd  iti 
handle,  to  the  membrana  tymiumi ;  the  line  of  attafti- 
mtrnt  boiii^  vertical,  icKJuding  the  wholo  !eng:tlt  of  tb« 
handle,  and  extending  tram  the  upper  border  to  the  ototre 
of  the  membrane.  The  head  of  tba  malleua  ia  inegnlulf 
rounded ;  its  neck,  or  the  Itoa  of  boundarj  bot  ween  it  ml 
the  handle,  supporle  two  {HrocesMs;  a  thort  conical  aoe, 
irhich  receivea  the  Inaertion  of  the  tnitor  (ym/mitt,  and  a 
tttitder  one,  proetnm  gracilU,  wliiith  extend*  fonmrdBk  ntd 
to  whicJt  the  iaxator  ti/mpani  muscle  is  attached.  The  ttcu. 
or  anvil-hone,  shaped  like  a  bicuspid  mcdar  tooth,  is 
orticalated  hy  its  broader  part,  corresponding  with  tiu 
surftice  of  the  crown  of  a  tooth,  to  the  mallvoa.  Of  id 
two  fang-liko  procetwcM,  oui.',  dtmrttid  bac^waids,  has  t 
£r«e  cad,  the  other,  curved  downwards  and  more  poiated, 
articulalee  hy  means  of  a  roundisli  tubercle,  fonncrl; 
(tailed  01  vrliieulan,  with  tlin  stapes,  a  little  bone  shaped 
exutl;'  liko  a  stirrup,  of  which  the  base  or  bar  liu  iaU 
the  feoeatia  ovalis.  To  the  neck  of  the  sliipM,  a  thust 
proooas,  corrci>ponding  with  the  loop  of  the  eutn^i,  ii 
attached  the  itajiedius  aiuecle. 

The  bon^  of  the  eur  are  covered  witli  mncoiis  aiom- 
brauu  ictlocrted  over  tlietn  from  the  wall  of  the  ^'mpasiun ; 
and  are  moveable  both  oltogrether  and  one  upon  the  etlut. 
The  malleus  moves  und  vibrat«^  with  every  moTemSDt  snJ 
vibration  of  the  membrann  Ij-mpam,  and  its  movemeDH 
ore  communicated  through  the  incus  to  the  stapot,  sid 
through  it  to  the  ineinbriuie  closing  the  fenestra  ovalia 
Tito  malleus,  nlsn,  is  moToable  in  its  articulation  with  ths 
incus;  and  the  membrasa  ^mpani  moving  with  it  ti 
altered  in  it«  degree  of  tension  by  the  laxator  and  tenser 
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tfiDpant  muttlefl.  Tlio  xbipcs  »  norcablo  on  tb«  procou 
of  thi!  incus,  when  the  stapedius  muscle  scting  draws  it 
backwards. 

This  jiropflr  organ  of  hearing  i»  formed  by  the  <Uitribu- 
tioD  of  the  nuditoiy  nerve  witliin  tlie  iiilernat  ear,  or 
Myrittlh  of  tfie  oar,  a  not  of  cavitiM  within  tho  potroua 
portiun  of  tho  tomporal  bone.  The  bone  wbkU  furms  the 
walls  of  these  caviUra  is  deosor  tliaa  lliat  around  it,  and 


Wff.  I93,* 
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*  Fig.  l<)S.  Riglit  buuy  Isliyriiilli,  vicwtd  fruio  the  outiT  sido  [Hftst 
Sfinunorriiig).  ^. — Tho  ipncimcu  hcru  nprcwiitrd  is  prcpurril  lij  Mpa- 
nting  pin-Piural  the  laoacr  saliaLincc  t>[  tliv  [iiMiuus  botm  from  xhe  dcUH 
wmlU  wliK'li  tiiiiiKNlmluly  mu'tujiu  Ihc  Ubyriaili.  1,  iho  vuiibule ;  3, 
fanntra  onljn  -,  j,  tiijud-ior  Minicin^ulnr  caniJ  :  4,  horUantnlor  eiicmol 
euial  :  5,  pwturiur  riuml  ;  *,  fiin|iiiUii!  o(  iho  Mtnicin^uliir  canal* ;  6, 
Hnt  lur[i  uf  tho  iroFhlfi ;  7,  »(ic<iii>]  tnru  ;  8.  ajicx  :  9,  fi-nf«lra  roliind*. 
The  HinallDr  fiffiTv-  in  oulUns  below  khuw«  llm  unltml  aiw. 

1"  Fig.  199.  Vktraf  tho  iutcriurufttirlirt  lubyriuth  (frum  SijninicT' 
nn]i>.  '-/, — Tho  bony  wall  of  tlia  lubyriatli  ii  tmioved  supsriorly  and 
rztiirnilly.  I.  fovm  bciiiiclliptioi ;  2,  fovea  hcniLiphFricn ;  3,  comiBoo 
opraian  of  tlip  itu|irrior  and  posicrior  Kmieircular  canaU  {  4.  opening 
of  the  a'jupdurt  of  the  v«»lihii!o ;  5,  tho  mpcrior,  6,  tho  pmlsrwr,  an<i 
7,  tliB  exlcriia]  semicircular  raiiHlti ;  S,  xyiiral  tuba  of  ibn  ivKblvn  l«ciU 
tfmpant) ;  9,  opcuing  of  lh«  aiiimiliicl  uf  thu  cochlea ;  lo.  phiceii  oa 
tii»  kmina  ^piralii  in  the  *e*ia,  vtsUbuli. 
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forou  th*  MWiMu  UiibyriHthi  tlw  n 
Guvitiea  (ornu  ihfi  mfmbruJiow  iahgrm 
Iftbyrinth  contains  «  Said  ctSkA  oule 
it,  betn-ven  it  and  the  oeeeous  UlqrD 
perilymph  [mM  p.  678). 

The  oweoua  Isbyiinth  oonsuts  of 
nnnKiI}',  thf  vettilmU,  tli6  coeMta,  and 
The  vc»iiliule  is  the  middlo  cavity  of 
eeutral  orgraa  of  the  wIk^o  auditoty  B 
in  it*  inner  waU,  neniriii  opmtngs  f 
diviHoiLs  of  tho  auditory  nerre;  in  its 
av(Uw(3.fi^.  198),  an o]>euiiig filled  t) 
MIA  of  tb«  Kinall  boiiVH  of  tlia  ear; 
superior  walls,  five  openings  1^  ^ 
canalt  communicate  will)  it :  in  ita  e 
iug  IvuxliDg  into  tlie  eaMett.  The  h 
wall  of  tbe  Toetibulo  kIm  praaente  a 
of  the  aquit/liwtM  VMtHuii,  a  canal  I 
nuu^n  of  tho  petrous  hone,  with  i 
unknown  piiii>08e. 

Tilt  temicircular  cam)/((figa.  198, 
cylindrilbmt  bony  canals,  sot  in  the  B 
bone.  They  all  open  at  both  endsii 
them  firat  coaltMciiig).  Tiiiiirnds  c 
befiwe  opening  into  the  restibule;  aai 
more  dilate  than  the  other  la  called 
the  c-iuulIx  form  nearly  vertical  anhei 
is  also  aatfvior ;  tlio  posterior  is  inj 
is  horizontal,  and  loirer  and  aliorter 
The  cockUa  {6,  7,  8,  fig.  19S,  I 
organ,  shaped  like  a  common  si 
front  of  the  veatibule,  itH  base'  i 
of  the  iutcntol  iiionttis,  where  some 
it  the  «oclileaT  iilameiita  of  the  • 
axis,  the  coclilva  is  traversed  \iy  1 
modioliu,  uound  which  a  ^iral  eaiia 
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totns  and  a  half  frotn  tlie  base  to  the  apex.  At  tho  npox 
of  tlu)  (HMihlcn  the  canal  is  dotted;  «t  tho  base  it  prescDts 
three   openicga,   of  which 

one,    aintiidy     mftntioned,  'V*  "o^* 

oommunicntes  with  the  yee- 
tibule ;  another,  cuUcd  fe- 

ntMtra  ratunila,  in  eepamtcd        ^li^^^EKK'I^P!^^ 
by  a  membrane  from  the        ^^^Kis^^f^lv/I 
cavity  of  the  tymjianiim ; 
the  Uiird  is  the  orifice  of 
the  aqu'tJiifiiit    coMta,  a  ' 

canal  loudiii^  lo  thn  jn^ilnr  foMa  of  t)ie  petrous  bone,  and 
corrosponding,  at  least  in  obscurity  of  purpose  and  origin, 
to  the  aqttuyluetua  T««tibuli.  Tlin  jipirni  cniiul  is  divided  into 
two  puKiiigp.*,  or  scalip  by  a  partition  of  bone  and  membrane, 
tho  lamina  tpiralit.  The  osseous  part  or  :«iu  of  this  lamina 
is  conneoled  with  the  modiolus ;  tho  nicmbrnnous  part, 
with  a  muMulor  lone,  according  to  Todd  and  Ikurman, 
fimning  its  outer  marf^n,  is  attached  to  the  outer  nail  of 
the  caaat.  Commencing  at  tho  boto  of  tho  cochlea,  bo> 
tvcon  its  Tostibulor  and  tympanic  openings,  they  form  a 
partition  between  theso  ajMirlures ,  tho  two  scaho  are, 
therofom,  in  cnrrtn^ndence  with  this  arrangement,  namod 
ttala  rrsliiitli  and  icaUt  lijmpani.  At  the  apex  of  theeochlea, 
the  laniitm  sjiirulin  cndu  in  a  nmall  liamulut,  the  inner  and 
COCCavo  part  of  wliicb,  being  detached  from  the  summit  of 
modiolus,  leaves  a  small  aperture  named  keUcotrfina,  by 
whidi  tJiD  two  Hcalts,  separated  in  all  the  reet  of  th«r 
length,  communicate. 

Be«des  the  Kala  TttiHuli  and  ncala  tyoipan  I,  there  is  a  third 
l;eltve«i  thnin,  iu  tiie  substiuice  of  the  lamiim  spiralis, 
the  ncala  medut,  or  cattalU  vumbranacra,  and  in  this  aro 
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*  P!g.  sool  VlpiT  of  llio  nM)i»>iiii  cucliliai  illrliWil  tliroiiKlt  tliu  nilildla 
Ittma  AruoliI).  {.  — I,  cviilntl  ciiiinlof  IheiiiuilfaluH  ;  i,  tniiiiiia  >i]iinili)i 
■Mins  ;  3,  afaU  t}Mnt«nl ;  4,  tcnU  Trslibiili  ;  5,  puruuH  sutmtiLiicu  urtlit) 
inadioliu  ui»r  uuu  of  Llw  WKliouii  of  tlio  cauftlia  ijiixnUii  modiulL 
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eom«  peculiar  dub-Uiapod  little  bodies  called  the  ro4*  c^Corti, 
obt  lip  un  end,  vitli  (heir  liig  oxlrcmitics  upmuds,  and  iMOiBg 
against  each  other  at  tbe  top — n  sectioD,  therefore,  IiATiog 
the  appcAranoe  of  the  gable-end  of  a  bouse.  On  thor 
outer  pnrt  are  numcrouH  cbUh  of  vurious  shupc*.  The 
regularity  irith  which  tho  little  rods  of  Corti  are  anaoged 
has  caiuH-tl  ihfm  to  be  ooinpar«d  to  rows  of  Iceya  in  a  piaao. 

Id  do«o  rolatiou  with  thcMi  rods  and  the  cells  outada 
tbem,  and  probably  projecting  also  by  free  ends  into  the 
little  triuiijiiilar  funiil  coiituiuing  fluid  whit^h  ia  bctwtvi 
the  rode,  are  filaments  of  the  auditoty  nerve. 

Tlie  mnnbrttnout  lahyrinth  ootTe^>oiidit  generally  vrilh  the 
finm  of  Uio  oweou*  labyrinth,  so  fiu-  as  rvignrds  tbe  vesti- 
bule and  semidreular  canals,  but  is  so]>arated  from  tlie 
walla  of  tliew)  ports  by  fluid,  except  whprv  tlto  ncrvas  enter 
into  connection  wilhin  it.  In  tho  coclilea,  tho  membranous 
lubyriutti  couipU'ti'H  the  «('2>tuni  between  the  tiro  »caUi,  anil 
encloses  a  sopomto  spiral  canal,  tbe  canalU  membranM»a. 
As  already  mentioned,  the  membranous  labyrinth  contain) 
a  Qtiid  calliHl  tniiotymph :  and  betwMOi  ita  outer  surfim  aoid 
the  inner  surface  of  the  walls  of  the  vestibule  and  eemi- 
circulai'  canals  is  another  collection  of  similar  fluid,  colled 
fmrthjinph :  vo  lliat  all  tho  wiiiorous  vibrations  impreaitng 
the  auditory  nerves  on  these  parts  of  tbe  internal  ear  ate 
conducted  through  fluid  to  a  membrane  suHjwnded  in  aod 
coiitaining  fluid.  TIio  fiuid  in  the  tenia  of  the  cochlet 
is  continuous  with  the  perilymph  in  the  Teeiibule  and 
Homicircular  oauula,  and  there  is  no  fluid  extonial  to  its 
lining  membrane. 

Tbe  vestibular  portion  of  the  membranous  labyrinth 
oompriiMM  two,  probably  communicating  caritiui,  of  vbich 
the  lurgnr  and  upper  is  named  tho  u^n^^^du*  ;  the  lover,  die 
lacculia.  Inlo  tlto  former  open  the  orifices  of  tlio  mem- 
branous seuiicirciilar  eanalai  into  tbe  latter  tho  mmo/u 
tneinbraii'Kra  of  the  cochlea.  The  membranoua  labyrintli 
of  all  these  porta  is  laminated,  trouspartnf,  vmy  TOSL-uIor, 
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oovored  on  tbo  umer  snr&eo  vitli  nucleated  cells,  of 
vrldch  those  that  line  the  ampuUit!  am  prolongi-il  into  vtaff 
knir'likc  proceaMs ;  tlio  Muna  ■ppnarnnce,  but  to  a  mu^ 
leas  dcigree,  being  visible  in  the  ulrid^  and  taeeuU.  In  the 
AKTitiea  of  the  utriculua  and  saoculua  are  omnll  mosto^  uf 
cnlo-areous  particles,  oloMnia  ur  otolithes;  and'the  same, 
aitbough  in  more  niinuto  quantities,  are  to  be  found  in  the 
inUrior  of  olhor  parts  of  tlin  moinbrnnous  labyrinth. 

The  auditory  m-nv,  for  the  apptopriate  exposure  of 
irhosu  filiunvntu  to  sonorous  vitirutiuns  all  tint  orgaiin  now 
dmcribed  are  provided,  is  characterised  as  a  nerve  of 
special  sense  hy  its  softness  (whence  it  derived  its  name 
uf  porlia  moltit  of  the  Miwntb  pair),  and  by  the  finvncM  of 
its  component  fibres.  It  enters  the  labyrinth  of  the  ear 
ia  two  divisiotia;  one  fur  tlie  veslibulo  and  seui<in.'u]ar 
canalt,  and  thu  otlipr  for  tho  cochloo.  'I'ho  branches  for 
the  vesCibule  spread  out  and  radiate  on  the  inner  surface 
of  the  membraiioiifl  labyrinlii :  their  exact  deteruiinaliou  ia 
unlniown.  Those  fur  ttio  sontiuircutiLr  ciuiuls  paw  into  the 
smpulke,  and  form,  n-ithin  each  of  them,  a  forked  projec- 
tion wbicli  corresponds  with  a  septum  ia  the  interior  of 
the  ampulla.  The  brunnlics  for  tltf  cot'hloa  enter  it  through 
oiifioea  at  the  base  of  the  modiolus,  which  they  ascend,  and 
thoiicu  sucves-nivoly  plus  tntiJ  canals  iu  the  ossuous  part 
of  tbe  Inmina  spiralis,  in  the  canals  of  tliis  osmhju.h  part 
fir  xone,  the  norv»s  are  arranged  in  a  plems,  oontaiuiog 
gaogUon  c^ls.  Their  ultimalu  termination  is  not  known 
with  certainty ;  but  some  of  them,  without  doubt,  eud  in 
the  organ  of  Corti,  probably  in  eoUa. 

PhijMoloriij  of  Hfariny. 
The  acoustic  portion  of  tiie  physiology  of  hoaring  is  thus 
illuBtratod  byMuller:  chiefly  in  applications  of  the  results 
of  his  oxporimdits  on  the  couiiucliou  of  souotouh  vibra- 
tions through  various  combinations  of  air,  water,  and  solid 
mbstances,  osx''^''^''j'  uiembrane. 


AU  the  Dootutio  oontrivuu^a  of  tiw  organ  of  beozing  m 
mmnH  for  ooiMlucting  tlto  xmind,  jxtnt  om  the  optical  tfpt- 
ratiu  of  tfao  eye  am  media  for  oonduotitig  tbe  light.  Kan 
nil  niRttor  in  capaliln  of  propagating  aooorooa  vibratimt), 
the  eimplMt  coniiitions  must  be  tnfflcieiit  for  isaro  Imb^ 
Inf:;  fur  all  sulwiances  sunoundin^  tlie  auditory  Btn* 
would  commnnicntii  K>und  to  it.  In  tho  cyo  a  certain 
constnuttion  vas  roquiied  for  directiiig  tho  ntya  or  imdda- 
tioas  of  light  in  such  a  manner  that  th«j  ahoold  &1J  vpM 
the  optic  nerve  n-itlt  the  same  rolntiTo  di«^oaitioa  en  Utti 
vith  which  thej  issued  &ora  the  object.  In  tiie  aean  of 
hearing  this  i*  not  reqiiisito.  Sononnis  Tibtationa^  Iwfing 
die  most  mrioui!  dirocrtion  and  the  moat  unequal  talt  tt 
Buec«s8ion,  are  titoiHuitted  b^  all  media  wilhoat  modifita- 
liaii,  howoTur  manifold  thdr  deeiuHtioas ;  and,  vhenrei 
tl»M  Tibrations  or  undulatioDS  tall  upon  the  OT:gaa  of 
hearing  and  tlie  audttorj  nerves,  the;  must  cause  lbs 
ecniintinn  of  conxutponding  sounds.  Tim  whole  Atrdop- 
meiit  of  tbe  org^n  of  hearing,  therefore,  can  haw  for  ih 
object  meroly  thi!  rendfring  more  perfecl  Uie  propa^^ttoB  tH 
the  soiiorous  vibrations,  and  th«ir  midtipliMlion  by  n- 
Bonance ;  and,  in  fact,  all  the  acoustic  apparatus  of  the  orgaa 
laaj  be  shown  to  ham  rofcrcncu  to  thcso  two  principled. 


FunetvMU  of  iht  External  Ear. 

lb  external  auditory  pamage  influenoea  the  ; 
tinn  of  sound  to  the  tj'mpatium  in  ilire«  waj-s : — I 
cBueing  tbe  ■ODorcnis  un<liilatioiis,  tmtoring  directly  turn 
the  aliuottphere,  to  be  traneniittcd  b_v  the  air  in  the  pasMge 
imtnetiiiitely  to  tbo  mcniliraua  tympaui,  and  tfaua  pre- 
venting  thom  from  boing  dispersed;  2,  by  tlio  waUs  of  the 
paasaga  coiiductltig  thu  Bonorous  undulations  imparted  to 
the  flxtnniul  oar  itself,  by  tho  Kliortvnt  path  to  the  attadi- 
ment  of  the  membrana  timpani,  and  to  to  this  mumhnuie; 
3,  by  the  resonance  of  the  coliunn  of  air  contained  wilbia 
tbe  passage. 


J 
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FTSCTIOKS  OP  THE  ETTEIINAL  EAE. 

Aa  a  conductor  of  unduladona  of  air,  the  ext«rnal 
nadiloiy  passo^  rocei\-ea  tLo  dii«ct  uodiiUtioDH  of  tliu 
attnoaphttrc,  of  which  those  th^t  enter  in  the  direction  of 
ila  axis  produce  the  etroogest  impreasiona.  The  undula- 
tions whidi  enter  the  p&oaoge  obliquely  an  rofliKititd  bj- 
iU  iMfiutes,  niid  thus  bjr  rrHcxion  reach  the  membrana 
^lapani.  B;  leflexion,  aJ»o,  tbe  vxUmul  im-atiu  n't^iivOH 
the  undulatious  whirli  imping  upon  tite  conciia  of  the 
OxtiirDiil  oar.  when  their  an^-le  of  reflexion  la  auch  that 
they  are  thrown  towurds  the  tragiit.  Other  tonoroua 
luulutntions,  again,  whicli  rould  not  enter  the  meatus  from 
tike  external  air  either  dtroctlj  or  by  rL-lluxiou,  may  still  be 
brought  tutn  it  hy  indexion ;  undulations,  fnr  in»taii<«, 
whoao  dinvtion  is  that  of  tlin  long  nxin  of  the  h<!ad,  and 
'biob  pssH  over  the  aurface  of  the  ear,  must,  in  nccord- 
tatee  n-iih  tho  laws  at  iniloxioo,  bu  bi<ut  into  the  extonial 
meatus  by  ita  margins.  But  the  action  of  thuM  un<lula- 
tioaa  wbich  CDt«r  the  meatus  directly  ore  most  inteiiae ;  and 
Imqco  vo  are  onublod  to  judge  of  tho  x^nt  whence  sound 
eouee,  by  turning  one  ear  in  different  directions,  till  it  is 
diroctud  to  the  point  wlienco  tlie  vibnitloos  may  ]uiss  directly 
into  the  meatus,  and  produce  tlie  strongest  impreesionii. 

The  walla  of  the  lueatua  aro  iHm>  tioltd  conductors  of 
fbr  those  Tibrations  tchich  are  commnnic^Ktd  to 
Ilia  cartilage  of  tho  external  ear,  and  not  ri>tlected  from  it, 
ant  propagated  by  tlio  dtortcct  patli  thrijugh  tho  paiiuKw  of 
the  poaaoge  to  the  membrana  tympani.  Hence,  both  eara, 
bcin^  clone  Ktoppcd,  the  sound  of  a  pipe  is  h<'ard  mora  dia- 
tinctly  when  its  lower  extremity,  covered  with  a  membrane, 
b  applied  to  the  cartilagu  of  tho  cxlemul  ear  ilaelf,  than 
•wlvm  it  in  phwoil  in  contact  with  the  sujiace  of  tho  hwid. 

Lastly,  the  external  auditory  passage  la  important,  inas> 
mndi  a»  the  air  which  it  ciintuins,  like  all  iuaululcd  maaaes 
of  air,  incTenaee  tho  intensity  of  sounds  by  resonance, 
tonyiiice  ourselves  of  this,  we  need  otdy  lengtlien  the 
ge  by  iiStxing  to  it  another  tube :  every  sound  tluit  is 
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beard,  eren  fbft  Mond  of  out-  omi  roio^ 
inn-vuod  in  inlmudtjr. 

Th«  fwtioo  of  tlie  cartilage  of  the  external  ear  u{ 
•ODOnKift  Tilirntimui  u  parlly  to  r«fl<ict  tlioin,  imA  pnrllf  1 
oond«ns»  uul  condoct  them  (o  the  psrieies  of  thu  extenul 
paMOge.  With  respect  to  its  leflMtliifi;  action,  tlie  mniihs 
it  Ihe  mcMt  imiHiTtatit  part,  linco  it  itirrctt  tho  reflected 
oiiAiiledoiu  lowanlti  tha  tragus,  Thmco  tlie;  are  ivfledtd 
into  the  auditory  passaj^.  The  Other  ioMiualtties  of  ths 
extonial  «ar  do  oot  promote  hoaring  hy  m&t^xioa  ;  mi,  H 
the  cooductiDgr  power  of  tli«  curtilage  of  tb«  ear  wero  WS 
out  of  coQsideralion,  thej  might  be  regarded  aa  desliiMd 
for  »0  partirular  lue;  hut  rccmving  tho  impHlaea  of  the 
air,  tlie  cartilage  of  the  extenial  ear,  while  it  reflects  > 
part  of  Uicni.  propagates  within  itwlf  and  coadeosea  ths 
reet,  aa  all  other  solid  and  oloftic  bodies  woold  do.  Thiu, 
tho  Houorous  vibrations  vbich  it  reoeives  by  an  ajtaaded 
surface,  an  condurlisl  hy  it  to  itn  placo  of  attachment. 
In  conseijucDce  of  the  cotmection  of  the  parietM  of  the 
auditory  poiuage  with  the  solid  parts  of  the  whole  held, 
some  diBpcniioii  of  tho  unilulations  will  result;  but  the 
points  of  attacjiment  of  tho  membrana  tympam  will  t^-eiTR 
them  b;  the  ahortcat  path,  and  will  aa  tiortaialr  tom- 
munioate  them  to  that  membrane,  as  the  solid  sides  of  s 
drum  commuDicule  sonorous  undulations  to  the  parchment 
head,  or  the  bridge  of  a  musical  rtring,  iis  vibratiou  to 
tho  Ktring, 

Itegardiog  tho  cartilage  of  the  external  ear,  tlie 
as  a  conductor  of  sonorous  vibratioDs,  all  its  ineqiiaUtiM, 
eleralioiis,  and  depressions,  which  are  useless  with  rc^tld 
to  reflfsion,  become  of  evident  importanoe ;  for  thoss 
elevntidus  and  depressions  u[>oa  which  the  iiwilMl«riwn 
fiJI  perpendicularly,  will  be  affected  by  them  in  the  nott 
intense  degree ;  and,  in  >xinsei|uenco  of  the  rarious  fbnn 
and  position  of  the»e  inequalities,  sonorun-i  undulations, 
ia  whaterer  direction  they  may  come,  must  iall 


liereG:^^ 


potiny 


PUXCTIOXS  OP  THE  MIDDIX  EAR. 


683 


upon  th9  tangent  of  somo  ono  of  them.  This 
Torils  iiR  cxiiUiiftdou  of  tho  oxtroordmaiy  form  giT«Q  to 
liiM  part. 

^Fwtctutiu  of  live  Middle  Ear :  Ihe  Tympanum,  Ouicula,  and 

In  animals  living  in  tlio  atmoiplieri!,  the  »oiion>iie  vibra- 

I  are  ooiiveypd  to  tlio  auditory  nerve  by  throe  diflVront 

in  snccossion  ;  namely,  tbe  air,  the  solid  parts  of  tho 

iy  of  the  aiiimal  and  of  the  auditory  apparatus,  and 

<  fluid  of  the  lahyrinth. 

Sonorous  ribrations  are  imparted  too  imperfectly  from 

air  to  solid  bodien,  for  ilia  pn>pu^'ali<iii  of  ttouuil  to  the 

^istomal  r:iir  to  bo  adequately  eti'ected  by  that  means  alone ; 

already  an  instance  of  its  being  thus  propagated  has 

en  meutioiKHl. 

In  passing  from  air  directly  into  water,  eonorous  vibra- 
I  suffer  also  a  couHiderabtu  diminution  of  their  itrdngth ; 
it  If  a  ttiiMu  niumlimno  exists  botweOQ  the  air  and  ihn 
rator,  tho  sonorous  yibrations  are  communicated  from  the 
brmer  to  the  latter  medium  with  ^-ery  great  iiitenaity. 
'Tlii*  fiu:!,  of  which  Miiller  gives  experimental  proof, 
I  iWnishes  at  onoe  an  explanation  of  the  use  of  the  fenestra 
^kotimda,  and  of  tlie  membrane  closing  it.  They  am  tha 
^^tneana  of  communicating,  in  foil  intensity,  the  Tibrationa 
I  of  tho  air  in  the  tympanum  to  the  fluid  of  the  labyrinth. 
H^Thin  jHM'ulinr  property  of  mombntQC«  is  the  result,  not  of 
^^■flieir  tenuity  alone,  but  of  the  elasticity  and  capability  of 
displacemont  of  their  partitles;  and  it  is  not  impaired 
whan,  lihe  the  membraiie  of  tlie  fenestra  rotunda,  thoy  am 
not  impregnated  with  moisture. 

SouoniU!)  vibrations  are  also  oommunicut<td  witliout  any 

ipeiceptible    loss    of   intensity  from  the  air  to  the  water, 

rhen  to  the  membrane  fonuiug  tho  medium  of  oommuni- 

^Mtion,  tlicro  in  attiu^hed  a  short,  solid  body,  which  o<-cupiea 

greater  part  of  its   surface,  and  is  alone  in  contact 
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witli  tlio  vater.  This  tact  elucidates  ihs  action  of  &t 
(eoBStica  OTiUiii,  anil  of  Uui  plato  of  ihe  stapee  wliidi 
occupin  it,  and,  vrith  the  pieceding  feet,  shows  that  bcth 
fcnoKtRD — that  closed  b;  uembraao  oafy,  and  that  with 
which  the  moreahlo  stapes  i>  conoectcd — trassnlt 
fredy  (he  sooorous  Tibrattons  from  the  air  to  the  fluid  at 
the  labyrinth. 

A  small,  solid  body,  fixed  m  an  opening:  by  meaiii  of  & 
border  of  membrane,  ao  u  to  b«  mo^-eabl«,  communicatM 
•nnoToua  vibrotioDN  from  air  on  l}i«  ono  i>i<I«,  to  vaiet,  or 
the  fluid  of  tJie  labyrinth,  od  the  oth«r  aide,  mncb  better 
than  solid  media  not  w  ooiutrttct«d.  But  the  propBgattOB 
of  sound  to  the  fluid  is  ratdeied  much  more  perfect  if  &» 
solid  oonductcr  thus  oocupyiog  tlie  opening,  or  fenestra' 
oralis,  U  by  its  other  end  fixed  to  the  middle  of  a  leiua 
membnuio,  wbich  boa  atmoapberic  air  on  both  tddea. 

A  t^^nwe  mtimbraue  ix  n  much  bclt»r  coitduetor  of  tbe 
vibrations  of  air  than  any  other  solid  body  bounifad  I7 
dellniM  sutIjicm:  and  the  vibrations  are  also  commaiii- 
cat<.-d  very  readily  by  tmse  menibnincn  to  solid  bodies  ia 
coulAct  with  them.  Thus,  then,  the  mombronB  tynupmu 
scrrtiB  for  the  tranmnijnoD  of  sound  Irom  the  air  to  lli« 
chain  of  auditory  txines.  Strtrtchcd  tightly  in  its  ommos 
ting,  it  Tibratos  witli  the  alt  in  the  auditor;  pasasge. » 
ray  thin  teoso  mombrnne  will  wh«n  the  air  near  it  ii 
thrown  into  ribratious  by  the  sounding  of  a  tuning-loA 
or  a  musiuul  Klring.  AtuI,  fmtn  Mich  a  tnnw  ribralilig 
membrane,  tho  ribratioae  are  «oinmunicati>d  with  gnsi 
intensity  to  solid  bodies  which  touch  it  at  any  pi^nL  U, 
for  example,  one  end  of  a  flat  piec«  of  wood  be  applied  to 
tlio  membrane  of  a  drum  wbilo  the  other  end  is  held  in 
the  hand,  ribratlons  ore  fidt  distinctly  when  the  vitnating  ■ 
tuning-fnrk  is  beld  over  tlie  membrane  witliout  louching 
it ;  but  the  wood  alone,  isolated  from  the  memltrane,  will 
only  very  feebly  propsgate  the  vibrations  of  the  air  U>  tin 
hand. 
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l!b0  oMtcnla  of  the  ear,  which  are  reproaented  in  thi« 

at  b^  a  pioco  of  vrood,  ftr«  tlio  Ixirttfir  t'xinductors 

the   Bonoroun  ribrntionx  rommunit'ntod  to  them,   ou 

at  of  being  iaobitwl  bj  an  atmoiphore  of  air,  And  not 

antiiiuouN  with  tho  bonun  <if  tiio  (Tuniiini ;  for  treery  solid 

Kly    Ihtis   isolated   by   a    dilTercDt   medium   propogutea 

ibrattouH  n-itli  moru  intoiuity  through  iU  own  sub«tuico 

liixn  it  omimiuiipntcs  tli«n   to  tho  mirrounding  medium, 

which  tlius  preventa  a  dispersion  of  the  sound;    juxt  iia 

the  vibrntion.i  of  the  air  in  tho  tuliaii  uhlhI  for  ondiiitiog 

|the  voice  from  one  apartment  to  utother  ore  prevented  fixim 

BJng  diaperaed   by   Uie   Botid   wails  of  the  tube.     Tho 

ihnttioDS   of    tho    mcimbrana    timpani   ara  transmittod, 

hnefore,  by  the  chain  of  oestniU  to  (ho  fonoetra  ovalis 

ad  fluid  of  the  labyrinth,  their  dispersion  in  the  tympanum 

proTfiuli-ci   by  the  (Uflit-ulty   of   the  transition  of 

ribratioDfl  &om  Bolid  to  gaseous  bodies.     Tho  mombnma 

apani  being  a  tense,  solid  body,  bounded  by  ftee  aur- 

'  fnocs,  the  sonorous  undulations  will  be  partially  rcHccted 

,  at  its  surfaces,  so  as  to  cause  a  meeting  of  undulations 

opposilv  directions  within  It;    it  will,  tliurufore,  bj 

ace,  incroaso  tho  iiiti-uxitj'  iff  thn  ribrationa  commu- 

ated  to  it,   and  tho   undulatione,  thus  lendered  more 

9,  vilL  act,  in  their  turn,  u|ion  the  chain  of  auditory 

The  nccANQty  of  tho  proHnnce  of  air  on  the  inner  side 

tho  mombrana  tympani,  in  ordor  to  lynabln  it  and  the 
OBfdcuIa  audilua  to  fidfii  the  objects  just  described,  is 
obriouH.  ^Vitllout  tlu«  provision,  neither  would  the  vibra- 
tions of  tho  membrane  be  fooo,  nor  tho  rhain  of  bones 
isolated,  so  as  to  propagate  tho  sonoroua  undulations  with 
OODCentnitioti  of  their  intensity.  But  whiln  the  oaciUa* 
onft  of  the  niembrana  tympani  are  rcudily  communicated 

the  air  in  tliu  cavity  of  the  tympanum,  those  of  the 
osaicula  will  not  i>e  conducted  away  by  tlio  nir,  but 

,  bo  iwopagated  to  tho  labyrinth  without  being  dispersed 
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m  Um  tympanum.  Equully  nwomuy  is  tlut  oomi 
tian  of  tli«  air  in  the  ^rmponum  wilb  the  external' 
througli  tlie  medium  of  tho  EuMuofaian  tuho,  for  tlio  nuin- 
tenoDce  ot  the  equilibrium  of  presnire  and  torapentun 
between  them. 

The  propagation  of  KOiinil  tbrotigh  tho  oericula  of  the 
^mpanuni  to  tho  lubjrinih  must  be  effected  either  Ij 
oaciHationa  of  the  bones,  or  lij  a  klud  of  moloculiur  nlin- 
lion  of  iJioir  purticUic,  or,  moet  probsblj,  hy  both  thaa 
kinds  of  motiou.* 

Tha  long  proceaaof  the  malleus  rM«iTes  the  ondnlatimu 
of  tlie  metobrana  (ympaui  (fiff.  201, 
a,  «]  and  of  the  air  in  a  diicrdon 
indtcatoil  hy  the  nrroirs,  nearly  pe^ 
pendioular  to  itself.  From  tbftj 
lirOc««  of  tlio  mnllvus  tbaj 
propagnted  to  its  head  (J!>) ;  tfaeus 
into  the  inoua  {e),  tho  toag 
at  vhicb  is  parallel  with  the 
procCM  of  the  mallmis.  From  IL* 
long  ptocesa  of  the  incus  the  mdn- 
latioDS  ate  commoiiicated  to  the 
stupes  (d),  wliich  is  united  to  the 
incus  at  right  angles.  Tho  eennl 
duiiigea  in  the  dirvvtion  of  the  ehaio 
of  IraiMui  1mvi>,  howerer,  no  influon<«  on  that  of  tho  vmit- 
lalions,  wliich  rcmainH  the  same  as  it  vas  in  the  mata 
exIerQUS  and  long  prooess  of  the  malleus,  so  that  the  unda- 
Utions  aro  coininunii?at«d  by  the  stapes  to  the  Gotmln 
ovslis  in  a  perpeudicular  directioiL 

•  Eilouard  Weber  hns  Acnrn  that  the  niwWncij  of  t!i«  mrmbnneam 
thi?  funi^tni  roliiniln  will  pomtit  itppToxiuiDlion  and  rtmornl  oHhetUfti 
to  mud  fhiDi  tha  Ubyrloth.  Whta  by  ilic  aiupu  the  monlna*  if  lb 
fcnectn  ovtlia  U  pnsaMd  towatdx  the  Inb^'iinlh,  ilio  luionbrui*  tt  Ai 
fciiutn  [ntimdn  may,  hj  Uio  prfMun  iMiiiinttiilrjiUU  iliroogh  Ihr  fiul 
of  the  lahvtintli,  Ik  pivucd  ttiirinU  tb«  cuTlty  ol  Ui«  tj'inpuiniu. 
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InLYOtutlng  teniaoa  of  tho  memlirnna  ^nponi  diliiiuuhe)! 
&dli^  of  tranaitioD  of  soaoroua  andulfttions  from  the 
to  it.     Mr.    Siivitrt  olMcrrcd  Uint  Uio  dt^  ninmbnuin 
tjinpnni,  on  tlio  Approach  of  a  body  emitting  a  loud  sound, 
njected    particles  of  wind  strewn  upon  it  moro  utronply 
wlien  Ux  than  when  very  tcniw ;  and  inferred,  therefore, 
thkt  bearing  is  roDdered  less  scute  by  increasinf;  the  tea* 
sioa   of  th«   in<Mn1irri»n  tyiapiuii.     ?kliillcr  has  confimwd 
lliis  hy  ex|)(Trim<<nt«  with   minll   raAmbronM  ommgvd  BO 
U  to  imitate  the  memhraDa  tympani ;  and  it  maj  be  00n> 
finned  also  bj  obsvrvatiutia  on  one's  self.     For  tlio  mom- 
blfttia  (ympoiii  ou  onn'n  own  p<^rM>n  may  he  mniit^rvfl  (enae 
At  will  in  two  ways,  namely,  by  a  strong  and  continued 
efiort  of  espiration  or  of  uispiratlon  while  the  mouili  and 
nostrils  am  cIommI.     In  tlic  firiit  cai«<,  tlie  coRiprriusod  air 
U  forced  with  a  whizzing  sound  into  the  tympanum,  the 
meubraua  tytupaut  is  DiiiJe  tense,  and  iinuiedlately  hear- 
ing hoc^onie*  in<llstini:t.     I'ho  Himo  temporary  impuifcc^tion 
of  hearing  is  produced  by  rendering  the  membrana  tym- 
pani  tiMuo,  and  convex  lou-urds  the  interior,  by  the  efiJort 
of  in;i^iration.     The  imperfection  of  hearing,  protlucod  by 
tbo  lost- mentioned  method,  may  continue  for  a  time  even 
■fi«r  thu  mouth  is  opeiKMl,  in  cuii5(^ju<!iii-u  of  t)i»  previous 
effort  at  inspiration  having  induced  collapse  of  tlio  walla 
tlie  Euslutjilau  tube,  wliich  prevents  the  restoration  of 
ilibriuiii  of  pnssMire  between  the  uir  within  the  tym- 
panum and  that  without :  honce  we  havo  tlio  opportunity 
of  obujrviiig  that  even  our  own  voice  is  heard  with  less 
intensity  when  tho  tension  of  the  membrana  tympuni  is 
great. 

If  the  pre^itre  of  the  external  air  or  atmosphere  be 
very  great,  while  on  account  of  collapse  of  the  walls  of 
the  I^iisUfchian  tube,  tlie  air  in  the  interior  of  the  lytU' 
pttniun  fails  to  esert  an  equal  countcr-presaute,  the  mem- 
brana lympani  will  of  course  be  forced  inwarda,  and 
impwfect  deathess  bo  produced,    'i'hus  it  may  be  exptaiutid 
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why,  in  •  (Krbg'bon,  voice*  ttm 
the  eOect  ot  tii«  inoeued  Ugudon  o 
p«m  is  not  to  tender  bodi  grava  and 
fiunter  lluo  befora.  On  tLo  oontn 
WoUiurtMO,  tlw  iatreascd  leDBkn  of  tl 
piodticed  liy(!x)iBujitingt])U  canty  of 
one  deaf  to  grave  w>tuid«  only. 

Tlw  princiiwl  office  of  ilie  Ruittai 
opInioD,  lias  relation  to  tho  ptrereDt 
Inoieaaed  teoaoD  of  Uie  membrana  I; 
and  openaeaa  will  iiroTldv  fur  tlu 
oquilibriura  between  (he  air  witliij 
Ibe  external  air,  so  aa  to  prerent 
of  tho  membiana  ^;iapani  which  ai 
too  great  or  too  little  pxeeMue  on  eit 
cliargiu^  thin  oHim!,  hoireror,  it  will 
cIoar«r,  as  (Ileole  siiggc«l«)  the  aper 
supply  the  tympanuiu  vrilb  air;  ani 
niacus :  noil  t)i«  ill  cfTect*  of  ib 
refeiTed  to  (ho  hindrance  of  all  the« 
of  tliat  one  ascribed  to  it  an  ita  prinu 

Tliu  influcnco  of  tlio  tcmuir  traipai 
bearing  may  also  be  probably  ex] 
with  tW  Kgulation  <if  tho  toaeion  o: 
pani.  IT,  through  rctiex  nerrons  ai 
to  conUut^lion  by  a  very  loud  aotud, 
orlucularia  pnlpohmrum  musrle  ai 
light,  then  it  is  manifest  that  a  rei^ 
tlirouf^b  tlu)  action  of  llua  mu«cl%  i 
mufHing  of  tho  ears.  In  favour  01 
have  the  fact  tliat  a  loud  wound 
norroua  action,  winking  of  the  eycli 
irritable  nervous  syat^m,  a  sudden 
musolea. 

Tlie   influence  of  the  stapedius  i 
unknown.     It  acts  upon  tlio  stapes  i 
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»make  it  rest  obli<iuely  in  iho  fenestra  oralis,  depreaBog 
that  eiido  »f  it  on  wliicli  it  nets,  wid  ijluvatiiig  tlic  otliur  nido 
to  tlig  same  extect. 
When  tli«  foueatra  oralis  and  fenestra  rotunda  exist 
togethor  with  a  tympanum,  thn  gtutuiil  i»  tninsmtttod  to  Iho 
I  Said  of  the  internal  ear  in  two  ways, — namely,  by  w^id 
bodiea  and  )>y  membrane ;  by  both  of  whiuh  conducting 
Btedia  sonorous  vibrationM  uo  com  mini i<mtiMl  to  wnti'r  with 
OOtlsideTable  intensity.  Tho  sound  being  conducted  to  the 
lubyrititlt  by  two  paths,  will,  of  course,  produce  so  mudi 
the  stronger  impression ;  for  undulations  will  be  thus 
axdtod  in  the  lluid  of  the  labyriutli  Irom  two  dUFerent 
tlioiigh  conliguoua  points ;  and  by  tlio  croMtng  of  these 
nndulattons  statlonaiy  wares  of  increased  intensity  will 
b6  produced  in  the  fluid.  Mullcr'9  oxpurimonta  show  that 
the  same  vibrations  of  the  air  act  upon  the  fluid  of  the 
btbyrinth  with  niucli  greater  iulouaity  through  the  medium 
of  the  chain  of  auditory  bones  and  the  fenestra  ovalia 
than  through  tho  medium  of  tliu  air  of  the  tympanum 
and  the  membrane  closing  the  fenestra  rotunda :  but  the 
CMes  of  disuse  in  which  the  oaaic-ula  have  been  Lost  with- 
ifiut  loM  of  lioaring,  prove  that  sound  may  aliti>  bo  well 
[conducted  through  tfao  air  of  tho  tympanum  and  the  mom- 
[brane  of  the  ft-uistra  rotunda. 


Function*  of  iJic  L'tbyrtiith. 

The  /Itiid  0/  the  Uil'i/rimh  is  tho  most  goneml  and  constant 
th»  acoustii;  [irovisioiis  of  the  hibyrinth.     In  all  forma 
organs  of   hearing,   the    sonorous    ribratioDs   affoct 
'the  auditory  nerv©  tlirough  the  medium  of  liquid — the 
most  Gouvaniout  medium,  on  many  accounts,  toi  such  a 
ase. 
I'ho  function  usually  awribed  to  the  Munfctrnilar  oanofs  is 
|the  collecting  in  their  fluid  contents,  the  aoiiorou*  imdula- 
is  from  the  tiouea  of  the  cranium.    They  have  probab^, 

T  T 


■ko,  in  nnw  degree,  tba  power 
the  direction  of  their  currwl  Oiviti 
souutb  am  cairied  oS  liy  th«  eui 
tfa«  original  direction  of  the  undu 
ducting  i>aweT  U  in  them  much  let 
wntaiiting  air. 

Admitting  that  the;  hare  tltei 
hitaiut^  of  the  soooroua  ribntio: 
of  adrsnta^  in  acting  ou  iJw  an 
eocpanded  in  tlie  ttiDjiuLbe  et  tha 
eulua.  WHoro  tfaa  sioRibnmotu  <! 
tba  solid  parietae  of  tlie  tubes,  tJ 
more  intctnse.  But  the  membrat 
mwit  havu  u  function  ind<;[iandent 
[lorl* ;  for  in  the  relromj-son  1 
enclowd  in  solid  subetanc^  bufc  1 
with  tli«  utriciiluH. 

The  eryitaUiHe  pultvmUitt  miu$t 
te-infoTt«  the  sonorous  ribratioau 
if  ibey  did  not  a<TluitUj  touch  tha 
tbo  norvea  am  expanded ;  but,  h 
lie  in  contact  with  the  meubranov 
and  the  \-ealibuIiu-  nci-vi>-fibroJi  are 
oommunicate  to  ibese  membranea 
taipulscti  of  gniatur  int^unilj  tliau 
can  impart.  TIlLs  appoiirs  to  be  t 
Sonorous  undulutioue  in  water  a 
Iiuiid  itiirlf  immersed  in  llin  wnl( 
ihiviigh  the  medium  of  a  rod  hcl 
hair-like  prolongations  from  the 
umpulliu  bare,  probably,  the  eame 

Tlie  eoclika  seems  to  be  oonetnu 
of  tbe  tierva  tilTreN  over  a  wid*  I 
solid  lamina  which  communicotei 
tbe  labjrinth  aod  eraiiiuui,  ut  tha 
t'ontavt  with  the  fluid  of  the  labyi 
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dte  nerre-fibree  to  the  iniluMioe  of  Donoroai 
uadnlstioDS  hj  two  nUMlia,  :a  iUtelf  iusulatud  liy  fiuid  ou 
(dtbcr  siilo. 

The  coDDection  of  the  laraioa  RpiralLs  with  tho  solid 
traUs  of  tli«  Ifthyrinth,  aiUpto  the  cochloa  for  th«  p«rc«p< 
lioa  of  lh«  BoaoroiLs  UDdulAtiona  propngated  by  th«  HuUd 
p«ria  of  the  head  mid  t)iu  wulla  of  the  kbyrinth.  Tha 
nemfaruiuiui  lulijTiiith  nf  thu  vcitihuln  luid  iKinicircular 
otunls  ic  mwpondod  fice  iti  tiie  {lerilyiuph,  and  is  destined 
more  particularly  for  the  iJer«eption  of  sounds  througli  tlio 
nMdium  of  thiit  fluid,  whi^thiT  tliv  nontxroiu  undHlaliona 
be  iinpiul4.-d  (o  tho  fluid  tliroiigh  tho  feoMttn,  or  by  tlto 
[intervention  of  the  cranliil  bonca,  oa  when  aountding  bodioa 
ate  brouKht  iuto  <y):nn)iiTitr:ittiun  wttli  tho  head  or  toeth. 
Tho  »piml  Iiimina  on  nhieh  the  nervous  fibres  are  ex- 
panded iu  the  cooblea,  ia,  od  the  coutrairy,  cominuoua  with 
the  KiIi<I  wallM  of  tlio  hibyriiilh,  luid  rw^ttrn*  dirrctly  from 
iham  the  impulses  which  Ihey  trniumiC  This  ia  au 
importuut  advastag« ;  for  the  impulaee  impart«d  by  volid 
bodietf,  have,  caUrit  jiarihiu.  n  grrutirr  nbsoluto  iot«Rsity 
than  tho!^  coiumuuicated  by  water.  iVnd,  eveu  when  u 
moimI  is  cxnitcd  in  the  watiT,  tlio  Hoctorouji  unduJationii 
an  mom  int^oiso  in  tb«  wnt^r  near  th«  surface  of  tho 
VMSel  containinif  it,  than  in  other  parts  of  tlie  water 
equttlly  dintjuit  froni  th»  point  of  origin  of  the  Hi>uiid  :  thus 
ve  may  conclude  that,  (wUrin  piribvt,  the  aonorous  undula- 
tions of  solid  bodieis  aet  with  grauler  intensity  thiui  thow 
of  wstor.  Ilcnco  we  perceiro  at  onuo  nn  imp ortoot  use  of 
the  cochlea. 

This  is  not,  however,  tlic  sole  office  of  the  cotrhlcii;  tho 
spiral  laoiiQit,  as  well  as  the  mcmhrniioiis  labyrinth, 
neeires  sonoroua  impulses  through  the  medium  of  thL* 
flnid  of  tho  labyrinth  from  tho  oavtty  of  tlie  vesltbiilo,  and 
fKiin  the  fntostra  rotunda.  Tlie  lamina  spiralis  in,  indeed, 
mncb  Iwtter  culculutrd  to  render  the  action  of  these  undu- 
lations upon  tho  auditory  norvo  olBcient,  than  tho  tn«m- 
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bnnoos  labyrintli  in ;  for,  M  k  Rolid  Itodj  iii»iilnt<^  by  ■ 
different  medium,  it  U  capable  <tf  reMfunce. 

The  rodt  of  Corti  are  pcobablj  snsngod  m>  that  «adi  U 
cot  to  vibrate  in  unison  with  ft  particular  taao,  and  thin 
Btrike  a  paitioulai  note,  the  sensation  of  irhich  is  catricd 
to  the  bnin  by  thom  filomftiiU  of  lliu  iiuditoiy  Qorro  wiUi 
vluch  Ihe  little  vibrating  rod  is  connected. 

The  dietinctive  fiinctioa  therefore  of  theae  minute 
is,  jirciWl'lj',  t*)  rttniliT  si!n!iiblo  to  tlio  brain  th« 
nusic^  notes  and  tones,  one  of  them  answering  to  one  tcoe, 
and  one  to  another;  nhile  perhaps  tlio  otbor  part*  of  the 
organ  of  hi^aring  iliscriininnto  ti«^oen  the  intensities  of 
diSertrnt  eouiids,  rather  than  their  qualities. 

Senahility  of  tkt  Auditory  N«m. 

'Mrmt  fi'equently,  several  undululiona  or  impnlaea  Ml 
auditory  uurro  concur  in  thn  production  of  the  inipr 
of  sound. 

By  the  rapid  eucceadoB  of  eeretal  impulses  at 
intervals,  a  uoise  or  rattle  ia  produced ;  from  a  rapid 
(^etinon  of  xcveral  impulses  at  eqnal  intcrvnU,  a  musical 
sound  results,  tho  height  or  acuteoees  of  vhicji  inoeasee 
vith  the  number  of  the  impubes  communicated  to  the  eu 
witliin  a  givinx  timOL  A  sound  of  definite  musical  Talueit 
also  produced  when  each  one  of  the  impulses,  suooeediug 
anoth«r  tlms  at  regular  iiittfr\-ab,  is  itaitlf  c*ompounded  of 
soTonil  undulntions,  in  such  n  way  that,  heard  alons, 
it  vould  giro  tlie  impression  of  on  unmusical  sound ;  that  a 
lo  say,  by  a  sufBi'tetilly  rapid  suocu^iioii  of  sliort  unmusical 
(kiiukIh  nt  rttgular  inlcn-aU,  a  muncal  sound  ia  generated. 

It  would  appear  that  tiro  itupidses,  which  are  «(|uiTalciit 
to  four  single  ur  ludf  vibrationM,  are  xullicient  to  pivducea 
definite  nol<^  audible  as  such  through  th^  auditory  oervft 
llie  note  produced  by  tlie  Hkocks  of  the  teetli  of  a  nn'olt-tng 
wheel,  at  regular  intemils  upon  a  solid  body,  is  still  beanl 
whun  tlie  teeth  of  the  wheel  ore  removed  in  tncceaajo^ 
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until  two  only  nro  loft ;  ttio  HOiim)  proiliircd  by  the  impulse 
of  thexe  two  teeth  has  still  the  same  deHute  TOlue  iu  tike 
ocale  of  music. 

Thn  niiiximum  and  minitniim  of  th^  int^irvals  of  mto- 
impulses  still  appreciable  through  tho  auditory 
re  as  dvturmmate  aotiiids,  hurt;  \»mi\  <Ifit«miinod  by 
U.  Santrt.  If  their  inttmsity  is  suiBciently  great,  sounds 
are  Mill  audible  which  residt  ftom  the  Bucuevaion  of  is, 000 
half  vibrBtiuiu,  or  2'l,flOC)  impulni's  in  n  second ;  and  ihis, 
probably,  is  Dot  the  extreme  limit  in  acutenesa  of  soiuidn 
perc«f>lible  by  the  «ar.  For  the  opposite  exLrenio,  he  ha« 
auciceeded  in  rendpring  sounds  audiblo  which  were  pro- 
by  only  foui-leeu  or  eighteen  half  vibrutiomt,  or 
riuveu  or  eight  imjitdmta  iu  a  second ;  and  eoiinds  still 
deeper  might  probably  be  heard,  if  the  individual  im- 
pulses  could  bo  euffioiftiitly  prolougisi. 

By  removing  one  or  sovoral  twtth  from  tho  toothed 
Trheel  before  mentioned.  M.  Savart  was  alao  enabled  to 
sfy  himself  of  thn  fuct  that  in  the  caae  of  th«  uuditory 
B,  as  in  that  of  tlie  optic  nervo,  the  eensation  continues 
longer  than  the  impression  which  causes  it ;  for  the  ro- 
movid  <)f  »  toolh  irum  the  wheel  produced  no  interruption  of 
the  sound.  Tho  gradual  coseation  of  the  sensation  of  eoimd 
reuders  it  diiRcult,  however,  to  determine  its  exact  duration 
beyond  that  of  the  impression  of  the  sintomus  impiil«(4. 

The  power  of  perceiving  tho  direclion  vf  auuiiilt  is  not  a 
faculty  of  the  st<uso  nf  lienriug  itself,  but  la  an  act  of  tlw 
uiiud  judging  on  experience  previously  acquired.  From 
tlio  mcidifiLiitions  which  the  sensation  of  sound  undergoea 
according  to  the  ilirection  in  which  thu  sound  reaches  us, 
the  mind  infers  tho  position  of  the  sounding  body.  The 
only  true  guide  for  this  inference  is  the  more  intense 
action  of  the  sound  upun  one  tlma  upon  the  other  car. 
But  even  here  there  is  room  for  much  deM!ption,  by  the 
influence  of  reflexion  or  resonance,  and  by  the  propagation 
of  sound  fh>m  a  distance,  without  loss  of  intensity,  thiougb 
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CUiTod  COodilctii^-tubM  6U<^d  wtUi  air.  By  raeaia  of  aui 
tabe«,  or  of  solid  eouiwtan,  which  ranvoy  ili»  tmoonta 
vibrstioos  from  tli«ir  sooroe  to  &  distant  rosonant  hoif, 
•ouiuU  nuiy  be  mitde  tu  appMr  to  originate  in  a 
sitnatioa. 

'Ilia  direitioii  of  Maud  may  also  Iw  judged  of  l>y  loeuu 
of  ono  ear  only ;  tho  pomtion  of  tha  car  aiul  h«-«d  haog 
varied,  ao  that  tlio  sonorous  undulationa  ai  one  inoai«U 
&1II  upon  th«  ear  iu  a  iwrjviHlicular  dtrwrtiou,  al  aocUier 
inoin«Dt  obliquely.  Itut  when  nr-itlin-  of  tltvwo  cimim- 
MtaQcea  can  (niidu  us  in  distlD^ltJiing  the  directioo  of 
MMmil,  an  when  it  fulLn  etjiudly  upon  both  ean,  ita  tonne 
boisg,  tor  oxamplp,  vitlxir  dirctily  in  front  or  behind  m,  it 
beeomee  iuiioaaible  to  determine  whence  the  aound  cornea. 

VmtriloqitiKt*  talcc  udviintiigo  <if  iJiu  dilHculty  irtlh 
whic-h  the  direction  of  sound  i«  recognised,  and  also  iIm 
iuflumcu  of  the  iiuii^inatioo  over  our  judgment,  vhia  tiaj 
diroct  thoir  Toicoiuni-iirtnin  direction,  and  at  thasamo  tuna 
pt«(end  themselT«s  to  liDttr  tho  toonds  u  ooming;  from  theooe. 

The  dutanet  of  th«  gourc*  oftmttidt  is  not  rcougniwd  ly 
tli»  Nvuve  itH«ilf,  hut  in  iiifi-rml  fium  tlicir  intonsilj.  Thft 
sound  it««ll'  ill  always  seated  but  in  one  place,  namdy,  ia 
uur  car ;  but  it  is  int6ri>reied  as  oouiin^  from  lui  vxtonor 
aoniferous  body,  ^^'hen  the  intensity  of  th«  roioa  i* 
modiitod  ui  imitation  of  tha  cfSvei  of  distance,  it  eotitea 
the  id«a  of  tta  originating  at  a  distance ;  and  this  is  aba 
taken  adrontngo  of  by  wiitrilo^uistn. 

Tho  experiments  of  Savoit,  already  referred  to,  prorc 
that  tlia  tSt<A  of  tho  aMion  of  sonorous  undulations  upon 
tho  iirrrvt'  of  Iioaring,  ciiduros  somewhat  hmgar  than  the 
period  during  which  the  undulaliuus  aro  paasiDg  thtoogh 
tho  ear.  If,  howcrer.  tho  tmpnwaion  of  the  same  mmuhI 
be  very  long  coaUnued,  or  oonatantly  rejioated  for  a  kag 
time,  then  the  aeoaation  produced  may  continue  for  a  ray 
long  time,  more  than  twelve  or  tnenly-four  houn  mm, 
after  tho  original  cuiuc  of  the  sound  has  c«os6d.     This 
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liave  been  exportencw!  l>j-  ci-ety  one  who  has  Irarelled 

Irereral  <Uji(  (M>ntiuuou8ly ;  for  somo  time  ftftor  tb»  jaaraoy, 
t)i«  nittling:  noiacs  are  heard  when  the  ear  is  Dot  acted  on 
hj  other  Bounds. 
We  luiTo  here  a  proof  that  the  perreptiou  of  soudi],  as 
•ound,  is  Dot  eesentially  coon^tled  wiili  Ibe  exlstenre  of 
undulaton'  [iu1»m  ;    itini   tliut  tlio  wtniuitinii  of  sound  is  a 
8tal<!  of  tlio   auditory  nerve,    vbich,    though   it  may  W 
Baxcited  bj  a  euccessiou  of  impalses,  may  alao  be  produced 
Vliy  odier  causes.      Ktou  if  it  bo  supposeil  lliut  unilulnlions 
f  excited  bjr  the  impulse  are  kept  up  iii  the  auditory  nerve 
for  a  (<t:rtaii)  tinu',  thoy  must  bo  iiuciuIniioiiH  of  the  ut-rvous 
principle  itself,  whiLh,  betag  exiited,  coiitiaue  until  the 
equilibrium  in  rLtifonid. 

rOorrespondiDg  to  the  double  vision  of  tho  snme  obJMt 
vUh  the  two  i^-M,  is  iiw  double  hearing  with  the  tiro 
ean;  and  iiniJngqiis  to  ibo  doublo  vision  with  one  eye, 
depondent  on  unequal  refraction,  is  the  double  hmtriim'  of 

§a  siag^  sound  with  mia  cut,  ovriu>;  to  the  sound  coming  to 
tl)e  ear  through  modin  of  uiutfiuid  conducting  power.  Tlin 
first  kind  of  double  hearing  is  very  rare ;  instances  of  it 
are  recorded,  honeviir,  by  Suuvaga*  and  Itiird.  The secuud 
H  kind,  which  depends  on  the  unequal  conducting  jxtwer  of 
two  media  throu^^h  which  the  same  sound  is  transmitted 
to  tlui  ear,  niuy  oiuiily  l>e  experienood.  If  a  nmutl  bell  bw 
sounded  in  water,  while  the  ears  are  dosed  by  plugs,  and 
a  aolid  oonduntor  be  interposed  butwoim  the  water  and  the 
«ar,  two  eoiinils  will  be  heard  diiforing  iu  tensity  and  tone ; 
one  being  conveyed  to  the  ear  through  the  medium  of  tho 
alniosphiirv,  the  other  through  the  conducting-rod. 

The  sense  of  vision  may  vary  in  its  dcgnse  of  perfection 

'  u  lagards    either    tlie  Ciculty  of  adjustment  to  dilferent 

distances,  the  power  of  distiiiguisliiiig  oivuratoly  the  jiar- 

tidea  cf  the  retiua  oil'octed,  sensibility  to  light  and  dark- 

or  tlio  peri-eption  of  tho  ditfereut  shades  of  colour. 

'  In  the  senso  of  hearing,  there  is  no  panUlcl  to  thu  faculty 
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by  whitJi  the  e^  !*  aouommodaUd  to  dJManoe,  nor  to  tiw 
perception  of  the  particular  port  of  tlio  norre  nffiscted ;  bnl 
just  iw  ono  jmnaa  sMs  distiiiotly  only  in  a  bright  \igbt, 
and  another  only  in  n  modentn  U^l,  so  in  dtSeraU 
indiriduaU  the  sense  of  hearing  i«  moro  pcrfm't  for  noundt 
of  diffvent  iiit«h  ;  and  just  aa  a  person  whose  Tidon  for 
the  forms  of  ol>jocl»,  etc.,  in  acute,  never(hal««  di>- 
riagtiinlma  colours  with  difficult,  and  has  do  pomtptioo  of 
tho  hormoiiy  and  dUhatnutny  of  ooloms,  no  one,  whMB 
hearing  is  good  na  far  ■»  rvgards  the  aoo.iil'iUt}-  to  teeUi 
Bounda,  is  eonietiinee  deficient  in  the  poirer  of  rocogmsBg 
the  muneal  reUtion  of  sounds,  and  in  the  awweof  hmniaff 
and  discord;  while  tutotlier  individual,  vhoee  hearing  ti 
in  other  r««pcoti  imperfect,  biut  thoao  ondowmeola.  Ths 
causes  of  these  diiferences  are  unknown. 

Suijtetin  toimd*  are  the  nwult  of  a  tit&te  of  irritatJOD  or 
excitement  of  the  auditory  norro  proiltuwd  liy  utlxT  tmuaa 
tliiui  sonorous  impulses.  A  state  of  excitement  of  thit 
Dem>,  liovrcvor  induovl,  gircs  rl»e  to  thu  scnsalim  of 
sound.  IIcuco  tlio  rilling  nnd  buzzing  in  the  eon  bend 
bj  persons  of  irritable  nod  exhfttisted  nervous  Bystont,  and 
hj  patients  with  c«rebral  disease,  or  disease  of  the  audi- 
tory ncrro  itself;  hence  also  the  uuisu  in  the  can  botri 
for  some  time  after  a  long  journey  in  a  rattling  noicjr 
Tohicle.  Kitli>r  found  tluit  eloc^tridty  also  excitea  a  sound 
in  the  ears.  l-'rom  the  nbovo  truly  subjoctiro  eotmd  m 
must  distinguish  those  dependent,  not  on  a  Mato  of  ths 
auditory  nerve  itself  merely,  but  on  sononnu  vibrutiou 
oxi'itcd  in  the  auditory  apparatus.  Such  are  the  buizing 
sounds  attendant  on  vascular  congpstiou  of  thu  iMvod  and 
ear,  or  on  aneiirismal  dilatation  cf  tho  vwecJs.  Kreqaait{f 
evnn  the  simple  pulsatory  circulation  of  the  blood  in  tlie 
oar  is  heard.  To  the  sounds  of  tltis  class  belong  also  the 
snappiug  sound  in  the  ear  produced  by  a  voluntary  c<tfort, 
and  Iho  bu«  or  hum  heard  during;  the  contraction  of  the 
pulatino  muscles  in  tho  act  of  yuvmiog ;    during  the 


I 
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air  into  tho  tj-mpraiim,  k>  ns  to  mnko  tcntc  Itic  mcm- 
LlnratiB  tTrnpaaii  and  in  the  act  of  bloviDg:  tlie  nose,  at 
|Vell  aa  during  tho  forc-ilile  dcjirossinn  of  tlio  lowor  jair. ' 

Irritation  or  pxdtennent  of  tho  nurlitory  nerre  is  cnpnblo 
I  of  giving  rise  to  movemento  in  the  boJy,  and  to  seusudona 
Pin  otiiCT  organs  of  seiiae.       lu  both  mwM  it  !•  probable 
Itfaat  tho  hiws  of  roHox  action,  ttiroiigh  tho  modiiim  of  tliD 
rbraio,    com«   into   play.      An  intense  and   euddea    noiao 
LexCttes^  in  vviiry  purstoii,  (Joituru  of  tliu  (^yt^licla,  and,  in  uer- 
POS  indiridual^,  a  start  of  the  wliolo  body  or  an  unploanant 
like  lliat  produced  by  an  electric  shock,  through- 
out the  body,  and  aomctiniaii  a  purticular  louliug  in  the 
vxtemol  «nr.      Various  sounds  cnuso  in  many  prv>pl8  a 
disagreeable  fueling  tn  the  teeth,  or  a  aensaiiou  of  cold 
|lickltng  thruugh  tho  body,  nod,  in  eomo  pcopli^  intonse 
i  are  said  to  make  tho  snlirn  collect. 
The  sense  of  linuring  may  in  ita  turn  be  aCeoted  by  Im- 
pressions on  many  other  parts  of  the  body ;  espocially  in 
diseases  of  the  abdominal  viscera,  and  in  febrile  affections. 
Here,  abo,  it  is  prubalile  that  the  contral  organs  of  tlio  niir- 
|TOU8  systmn  nro  the  media  through  which  the  impresaoD 
I  transmitted. 


BjySE  OP    TASTE. 

Tho  conditionn  for  the  percei>tioii  of  taste  are : — I,  tlie 

ace    of  a    nerve  with    special   endowments;    2,  the 

lexoitatlon  of  tho  nerves  by  tho  sapid  matters,  which  for 

[.this  [iiirpoee  must  )io  in  n  state  of  solution.     The  nerves 

I  tonmmed  in  tbe  production  of  the  eense  of  tosto  have  been 

already  considered  (pp.  547  and  S5S). 

^Tbe  mode  of  action  of  the  siibstuncee  which  excite  taste 
.probably  consists  in  the  production  of  a  change  in  the 
internal  condition  of  tbe  gustatory  nerves ;  and,  according 
to  the  diflcrnico  of  the  substances,  an  iuliuito  variety  of 
duuiges  of  condition,  and  consequently  of  tastes,  may  be 
invcd.      It  is  not,  however,  neieaaary  for  the  mauifiista- 
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taon  of  taste  that  aaput  )rab*toncw  to  aolutioa 
brought  Into  contact  with  its  oerreft.     For  tlio 
tn«t«,  like  th«  wtma  of  other  aiMcial  aensas,  may  ham 
Umax  peculiar  pcopertiaa  excitod  by  varitnis  oth«r  kind* 
irritntioa,  nich  oa  decteicitr  and  roechanical  impgowioM. 
Thus  Ilenlfl  oheerred  tluit  a  SRiall  cairent  of  air  dirwdd 
upon  tlkfl  tongue  gives  rise  to  a  cool  saline  taste,  likv  dut 
of  Miltpolre ;  anil  Dr.  Batj  has  nliovru  Uiut  a  distiixt 
antioa  of  ta«t«,  similar  to  that  caused  by  «l«cftndiv,  nay 
be  prodocod  by  a  Bmarl  tap  applied  to  tlto  papillaa  of  lh« 
toQgiKi.     Morcoviir,  tliu  mLH.~hanical  initiilion  of  tliu  Eubm 
amd  |ialate  produoes  the  sensation  of  nauaea,  vrbidi  la 
probably  only  a  modificalioD  of  toMo, 

Th«  mattcss  to  be  taatad  mnrt  either  be  in  ecdution  or 
be  soluble  in  the  moiatnie  covering  tJio  tongiia;  boue 
iiuioluble  aubsUuicca  nru  luntully  liutalcM,  and  prodm 
merely  sensatiaBS  of  touch.  Moreorer,  for  the  pwCad 
tiL-tion  of  a  wipid,  a*  of  an  odoroiia  sutistauoc,  it  ia  nrriMirf 
that  the  »eDti«nt  surface  ahoulit  be  moist.  IJonoc, 
the  tongue  and  faucea  an  dry,  eapid  aubatanoea, 
solution,  UN  with  di^iciilty  tiuittKt. 

The  principal,  hut  not  exclualre  seat  of  the  aeosa  of 
tasto  ia  the  fiutoes  and  tongue. 

Tho  tongue  is  a  mutcular  organ  corored  by  mnroa 
mombmne ;  the  latter  reaembliug  other  mucous  mtin- 
blMBM  (p.  398)  in  iMHicntiul  pointa  of  •truotiiro,  but  cn- 
taining  ocirtnin  porta,  the  papilla;,  more  or  leas  peci^ 
to  iUelf ;  peculiar,  hovever,  in  detalla  of  aixuGliue  tai 
nrrnngeDioDt,  not  in  their  nature.  'ITie  tongue  is  bnt* 
with  numerous  mucous  folliclea  and  glanda.  Ila  nae  io 
relation  to  nuuticattoit  and  deglutition  has  alieady  ben 
oonsidorod  (p.  264). 

Besides  other  fuiiL'tioDs,  the  mucous  membrane  <d  Ifee 
toriguo  serves  as  a  ground-work  for  the  mnifioatkn  rf 
iho  uhundanl  blood-viiaaeU  and  nerves  which  tho  tongue 
receives,  and  ofTords  insertion  to  tho  extremities  of  the 


Fig.  >Wt.  l>BiiilliLriiurt'iH'uoriJi()  tuuRiM,  with  Lbvtaucu and  tooalU 
1  Sapptyl. — I,  1,  oirtumviiIlHtu  imjnllir^  in  front  of  »,  iho  fonmm 
oteum ;  3,  (unBiform  |>Ji|>illiE:  4.  filiforni  iind  comcal  piiiiUu;  5,  tmn*- 
rtrtn  *n<l  o1ill>|no  ragir ;  6,  miicmu  glanila  at  the  Imu  of  Ihc  Mnjpi* 
uid  ill  lli'.i  r.iiin^i  7,  IiimIU  ;  S,  yuii-t  nf  tlio  opfgloltl*;  9,  median 
gloKKi-cpigluttidiNiu  IMi  fniuiuu  Kpiglotlidis. 
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Tlio  Inrgnr  papUta  of  Uic  tongiin  iin»  tliickly  set  oircr  Dip 
anterior  twotliirds  of  its  upper  BUifoce,  or  doraim  {fig.  2o2  >, 
nod  give  to  it  itA  chaFncterudk  rouglineaa.  Their  gnaStt 
proroinimw  thnn  tliOMi  of  the  xlciii  U  duo  t<>  their  i 
not  being  fiUcd  op  n-ith  epithelium,  as  the  in 
the  papilbc  of  Ibe  skin  ore.  The  paptUtn  of  tlie  l«aigiw 
prcMiit  scTCTal  <liv«inatiM  of  form  ;  but  throe  principal 
varieties,  differing  both  in  seat  and  general  chaneten, 
may  luually  he  dtslingiudied,  namely,  the  turcumnttUu  or 
etUyei/ona,  (hnjuiigijorm,  ond  the  filiform  papillie.  Bsrb- 
lially  these  )iave  all  of  them  the  saioe  structure,  that  is  to 
say,  they  are  all  fimned  by  a  [imj^ntion  of  the  miKom 
melnbrane^  and  cootaia  apecul  branches  of  bloodTendi 
and  nerreo.  In  details  of  strueturej  however,  tboy  diflir 
oonuderably  oxub  from  another. 

All  the  tlir«-e  nirielies  of  pnpilliD  just  described  hm 
been  conunonly  regarded  as  airaplo  prowwocu,  liln  tb 
[inpillm  of  tho  skill ;  hut  Totid  luid  Uowmon  hare  shon 
that  the  surface  of  ench  kind  is  studded  by  minute  coaiul 
pvooewes  of  mucous  membrane,  whioli  thus  form  Mcoolujr 
papiOn^  ThoM  aoooodoij  papilhe  also  occur  over  duh 
other  ports  of  the  tODg:u6^  Dot  occupied  by  the  oapipqimd 
papilhe,  luid  i-xttmd  for  wmo  distance  behind  the  papiBr 
circumraUat»>.  The  in ucotia membrane  immediately  inftioi 
of  the  rpigluttis  is,  tiowever,  &oo  &om  them.  They  m 
Pig.  »j.' 


*  Fi|t  303.  Tstticsl  SMTtion  of  the  dreumrtlkt*  jm\i\im  |tnB 
RSllilpr).  <f.— A,  tlio  jujuUic  ;  B,  the  surroumliug  nU ;  a,  lfa«  ifi- 
the)Ul  forcrfnii ;  h,  Iho  nerraa  of  tli«  papilU  oAil  wdl  ijnsuuig  !•■ 
wMil*  ihe  »iir&GO ;  <,  the  taoominry  |wiuIIie. 
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(imonly  buned  bone-ath  the  epittclima  ;  hence  tiioy  hod 

previously  ovm-lookml. 
CirttlmraUate  or  Calt/ei/orm  Papillif. —T\i«)ie  pnjiillic  (fig. 
?3),  night  or  t«D  in  number,  nro  eitunt«  in  tivo  V-sbaped 
I  at  the  base  of  the  tonf^ue  ( i,  i,  fig.  203}.    They  are 
lar  elerations  from  ^t)i 
-f^th  of  an  inch  wide,  onch 
ith  a  eenlral  depression,  and 
ii(I<k1  hy  11  circular  Ita* 
at  the  outside  of  irhich 
ia  u   tdiKhtly  ultTvtited 
g,  both  tbi-  central  clevntion 
d    the    ring    bein^  formed 
dosu  «ct  simple  pupiUm 

H-  203). 

Fii  ngijarm     PupHtai.  —  Tlie 

fungiform  pnpillto  (lig.  204) 

Ecnitered  chiefly  over  the 

ideH  and  tip,  aud  tpiiringly 

tlio  tniddlo  of  tbo  dor- 

i,    of  the   tongue;    thnlr 

tiamo  ia  dorivcd   from  their 

boing    usually    nturower    at 

base  tliau  at  their  euiD- 

Tboy  also  consist  of  groups  of  simple  pupillai,  eaoh 
whicli  coDtaina  in  its  interior  a  loop  of  capillary  blood- 

and  a  iwrvc-fibns. 
Conimt  or  FUi/orm  PapSlit, — ^Theeo,  which  are  tho  moat 
lunduut  papillu.',  ant  M^atlurod  over  the  wliole  surface  of 
ID  tongue,  but  ospedally  over  tJio  middb'  of  the  doraum. 

Fifi.  104.  iiiirfiii'ii  mill  8vcU<>n  of  Iho  fun){tfomi  pApilln  (from 
RJIUllcar.  aliet  TwM  and  Hownwn)— A,  th*  rnirfica  of  a  rnngirorni 
pipiQa,  p«niiLtly  flMiudiil  of  it)  <i>it1ii'liiiiit,  *[;  p,  MdoudAry  jiaplItB ; 
*,  epitbcliuni.  li,  Bcctioii  of  n  fuiigifunu  pnpillH  vitli  llio  Iiluod-rMMla 
iiyeoted ;  a,  nflwy ;  r,  vein  ;  c,  capillorj-  I'jopn  of  imiijlu  pnfitUie  in 
lh«  no^hboiirintc  itmrliitv  of  tho  tongue ;  rf,  espilluy  loo[«  of  the 
MNWOdary  pti|iiUiv ;  t,  <<i>itLvliani. 
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Tb(7  Tuy  in  Bhape  Mtaevlial,  l^tt  tat  tint  bum!  pnt , 
an  oi>iiiciil  or  filiform,  nad  coTcrod  l^  ■  thick  li^w  tf  J 
flpUknuis,  which  is  arranged  orer  them,  etUter  in  ftn  (&■ 
o,    _., ,  bricntod  maimer,  m 

IS  prolonged  Cram 
lh«tr  eurfnra  in  da 
form  of  tiD«  stiff  pti>- 
jncrtinnii,  hair- like  b 
aitpoaraDce,  sod  ii 
Home  Inotantcs  ia 
HtriM.'tnra  i>Ia>  'fig. 
20S).  FVom  tiMir 
jtecullar  structure,  il 
M«m9  likely  tW 
Uieee  {wpiUn  1i«m 
a  mtvliiinir-nl  Aa»> 
(ion,  or  one  alBiJ 
to  that  of  loudi, 
rathor  tliftn  Ot  tme; 
Ute  laU«r  seooe  bong 
prot«lilj  smImI  Mfc- 
oiaUvin  the  other  tm 
TurintiM  of  |ia{uUff. 
th«  cireumntlau  mA 
1hvfu>tfi/om. 

1'Im!  epithrlhtm  ef 
the  tongiie  is  of  llw 
s>]uamoiu  or  tosselated  kind  (p.  30).  It  coven  mwj 
IMrt   of    tho   Htiriacn;     biit   orer    the   fnngifortn  ])a]iillfe 


I 


*  F>)|.  ^5-  'Vvia  Ctlfurm  pnj-illit,  oud  vith  rpilbplliin,  itw  «Ae 
vlthout  <frr>m  Kaiikw,  after  Todd  luid  UoimuDl.  f— y,  ihexb- 
tutii.'«  of  tlie  paiiilln  dividinf;  at  iheit  upper  cinvmiliH  into  ttauiMiJ 
impillic  1  a,  orlvry,  *ud  v,  *cin.  iliii4in};  into  niiiillory  UfHf ;  t,  tp- 
t]ii*lul  nn«riiit[>  lambaUi]  Imlirem  ili*  )a|itlliu.  Iiiil  ciuadail  iDlobitf- 
liko  iinwcHu/,  from  Uio  (itrrnilttM  of  t^  HCooduT  inpUlw- 
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a   tlitnner    Infer  tlian   (Jwvlivn),  ao  that    diese 

pnpilliG  dUikI  out  taon  prominentl]?  than  the  rest.     Tho 

(ipith^liuTn  corering  the  filifom  papilla.'  has  been  aliowit 

by  Todd  aiid  Itowiimo,  to  liava  11  niifculitr  UTTaiign(n«nt ; 

being  extrancly  <l«n«e   ttnd  thick,  and,  m   before   mea- 

tioDed.  projei-ting  from  ilielr  sJdvH  aud  suminitA  in  tli« 

of  long,   ttiff,    linir-like  pKK«»Me.      Many  of  thcM 

b«Uf  a  close  resemblance  to  hairs,  and  some 

ly    contain    iniimtu   Liur-tnboH.       Itluoil-veftM^U   iiud 

nerve*  are  supplied  freely  to  the  papillfo.     The  nervee  in 

tba  fungiform  aod,  cirminivalliilv  pupiLlw  form  a  kind  of 

I>I«xu»,  Epreaidiiig  out  bru>th-wiee  (&g.  203),  but  tho  exact 

mode  of  lermiuuliou  of  tku  nerve  tUameata  is  not  certainly 

Icuown. 

Soch,  in  outline,  is  the  slmcturo  of  tlie  senutive  Burface 
of  tli«  tongue.  Itut  thi>  tungim  in  not  the  only  aeut  of  the 
sense  of  taste ;  for  the  reaulls  of  experimeDts  as  v«ll  as 
ofdiaary  AXjierituico  Hbaw  that  the  Hofl  palate  and  its 
luvhi^K,  the  uvul.n,  tonsils,  and  probably  tho  upp«r  part  of 
the  pharynx,  are  etidowcd  with  ta«te.  Tli^se  parts,  toge- 
ther with  tlie  hium  tuid  pimtLTtor  parts  of  the  tongue^  are 
nipplifHl  with  brancJios  of  tho  glomo-phnryngonl  nvrnt,  and 
eridenoo  haa  been  alnnidy  adduced  (p.  556  el  stq.)  that  the 
MOM  of  taslo  is  confi-rml  upon  them  by  thin  nervo. 

•  In  most,  though  not  in  all  p(>reoDs.  the  anterior  part  of 
lh«  toiigue,  es]tccially  the  rUgi-n  and  tip,  are  endowed  vith 
ih«  apnse  of  taste,  'llie  middle  of  tho  dormim  is  only 
feebly  endowed  with  tliis  stjmte,  probably  because  of  tho 
deWty  and  tliichncM  nf  iha  fpitbiliuiii  covering  the  IHi< 
form  papilliB  of  this  part  of  tho  tongue,  which  will  prwMit 
the  sapid  Gubstuiictis  from  pcn«lratiug  to  their  sensitive 
puts.  Tbo  gTietntoi^-  property  of  tlwi  uiilorior  part  of  the 
tongue  is  due,  as    already   said  (p.  547),  to  tho  lingual 

Ibranchcui  of  tho  Gftli  iK^rvc^ 
llcwdee  the  sense  of  tdsto,  the  tonguo,  by  means  also  of 
its  papillso,  ia  endued,  especially  at  its  ndea  and  tip,  with 
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m  Tory  delicate  and  aocitrate  sense  of  tonch.  vliich  naien 
it  MDsibIa  of  tho  imprMwioiia  of  h^il  and  cold,  pain  uxl 
mechomoal  pnssom,  nnd  oon*c<iuiiitJ}'  »f  Uio  fin™  <rf 
surtucM.  The  tongue  may  lom  its  cmnincm  anuribilitjr, 
and  vtill  i«(«iii  the  Hcnse  of  taato,  and  rice  renA.  Tlii*  &ct 
redden  it  probable  that,  aldiongh  the  hchm.'H  of  taste  and 
of  touch  may  be  flxercised  by  the  same  pvpUlio  mpplioj 
by  tlM  auno  oorvei;  yet  the  nervous  condudora  for  tlw« 
two  di0in«nt  aensatioas  ore  distinct,  just  iu<  the  nerves  lor 
smeli  and  commoD  sensibility  in  the  nostrils  ore  distiDct: 
and  it  u  quite  conceivable  tliat  the  same  nervous  traik 
may  contiun  fibres  diifcring  essentially  in  their  qwofie 
faoperiies.  Facts  already  detailed  (p.  547)  se«in  to  pnm 
tliat  tbo  lingual  bruiu-]i  of  tho  fiftli  oorvK  is  the  seat  tt 
sensations  of  taste  in  the  anterior  port  of  tho  tongoo :  nod 
it  b  also  certain,  ttom  the  marked  manifeatetions  of  pain 
to  which  its  division  in  uniniuln  givtw  txm,  that  it  is  Uks- 
wise  »  nerve  of  common  6«<neibility.  The  gloeso-pharysgeil 
also  seems  (o  cotttain  llbres  both  of  oomnMm  muation  anil 
of  tiui  spccaal  sonao  of  toKto. 

The  conouirenoe  of  common  and  special  sensibility  in 
the  same  part  makea  it  sometimos  diHi^iult  to  determiw 
vrlietlu-r  tho  iroprcesioo  produced  by  a  suhstanoe  !*  ptf^ 
ceived  through  the  ordinary  sensitive  fibrea,  or  throngli 
those  uf  the  scnne  of  taste.  In  many  nuea^  indood,  it  is 
probable  that  both  sets  of  nerve-fibres  are  oonoemed,  si 
when  irritating  acrid  substancoa  are  introduced  into  the 
mouth. 

Tlie  impressions  on  the  mind  leading  to  the  perceptin 
of  taste  seem  to  result,  as  already  said,  from  cotaia 
changes  in  the  iiilurnal  coiidillon  of  tho  norvea  produced 
by  the  contact  of  sapid  eubetancea  with  the  i>apUls>  in 
which  th«  fibres  of  theee  nerves  are  distrilmtad.  This 
explanation,  obscure  though  it.be,  may  account  gtoeraUy 
for  thi>  iM.i«o;  but  the  niriations  of  tasto  prodncod  ^ 
diil'ereut  enb^tanoes  are  as  yet  inexplicable.     In  the  cass 


^ 


I 


I 


of  he&ringr,  we  know  that  sounds  differ  from  one  anothOT 
ttcoonling  to  Ihe  dLQiareiiGes  in  the  atunber  of  undulatioas 
producing  th«m ;  snd  in  the  case  of  tlsiod,  it  is  nuuionabi; 
iai«tTcd  thftt  <\iSeTeat  colours  rceult  Iroui  differences  in 
tlic  ntimlicr  of  undiilatioM,  or  in  tlio  r»tD  of  trsiiint,  of  the 
principle  of  light  But,  in  the  cases  of  taste  and  smell,  no 
BDch  prol>nbl«  explonutiou  has  yet  been  oQared.  It  irouM 
appmr,  iiidLi^  from  tlio  cxpnrimontK  of  Horn,  that  whito 
MnD«  eubstaocee  taste  alike  in  all  regions  of  the  tongue's 
euriace,  ottters  «zcite  diir«rent  Uates,  aiwording  as  they  are 
^pltcd  to  diffi-Tont  pnpilta'  of  th«  tongiio.  This  obMtrra- 
tion,  if  confirmed,  would  seem  to  show  that,  in  some  cum 
at  laaat,  different  Hbres  are  capaUle  of  receiving  dij&i«nt 
iBiprauona  from  the  same  sapid  suhstanco. 

Unch  of  the  perfection  of  the  sense  of  taste  b  oileo  due 
to  tl)«  npid  substancea  bL-ing  also  odorous,  and  exciting 
th«  simultaneous  nctioR  of  tlio  sense  of  smell.  This  is 
abown  by  the  impeifecUon  of  the  tasta  of  sooh  substances 
whfln  tln'ir  action  on  tli«  olfactory  nerves  is  prvTOnted  by 
cloaing  the  nostrils.  Many  fine  wines  lose  much  of  their 
ap]>arT^ut  excelliMioe  if  the  nostrils  ore  luJd  dose  while  tli«y 
ore  drunk. 

Veiy  distinct  sensations  of  taste  are  frequently  left  after 
&a  subataneea  wludi  escltcd  thoni  have  ceased  to  act  on 
the  nerve;  and  sudi  M'nsations  often  eaduro  for  n  long 
ti.me,  and  modify  the  taste  of  other  eubstonrag  applied  to 
the  tongue  afturwarda.  Thus,  the  taste  of  awoet  subHtancea 
^oUs  the  flavour  of  vine,  the  taate  of  cliecsn  iinprom*  it. 
Then  ftppeara,  therefore,  to  enat  the  same  relation  between 
toatm  a*  butwcen  eulours,  of  wludi  those  that  are  opiKmod 
or  oontplemontary  render  eiuU  otlinr  moro  vivid,  though 
no  general  principles  governing  this  relation  have  been 
discovered  in  the  caso  of  btates.  lu  the  art  of  cooking, 
bowover,  attention  has  at  nil  times  bccu  pud  to  the  ooa- 
sonance  or  harmony  of  Uavoura  in  their  coubination  or 
coder  of  oucceasion,  just  as  in  painting  and  mtuic  tlto 
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funtUmmtal  jiriiuaplu  of  bannonj  have  l>oen  enflqjel 
Mupiricallj  while  tba  tbooroticiJ  Uws  irare  unknown. 

t'leriueut  and  aontinned  KfietitiDiu  of  tli«  lauaa  fan)* 
nindar  Uu>  poiwptioa  of  it  !«■•  and  htm  distinct,  in  the 
same  way  tlMt  a  ecdoor  becomes  more  and  more  dull  ami 
indietinct  the  loiter  the  e^e  ia  fixed  npoo  iL  Tltiui,  dW 
fiwqneutljr  tasting  first  one  latd  ihmx  the  other  of  two  kiod* 
of  wIiM,  it  beoomea  impcmible  to  ''■■f^'""""**  hetnra 
tboiD. 

Tii«  simple  contact  of  a  eepid  mbetance  vith  the  aai- 
faro  of  the  gustator;  organ  eeUom  giree  rise  to  a  dinisct 
aunauliou  of  (aate ;  it  oeeda  to  be  djffnaed  ova  the  tadaBt. 
and  btotight  into  iDtimate  contact  with  the  Benaldre  parti 
by  oompiRaBioii,  Iriction,  amj  motion  lietwecn  the  Umgot 
and  palate. 

The  aetue  of  taste  eeems  capaltle  of  heiag  exdteJ  aW 
by  intf^nia]  cauaei,  ndi  oa  cltaiigca  in  tli«  conditioM  iif 
the  norres  or  neiTe-oenlree,  pndtuied  by  coogeatiia  tt 
other  nanaee,  which  excite  subjective  aenaaliou  ia  tbi 
other  organs  of  «iMise.  But  little  is  known  of  the  nb- 
jectiTO  sensationa  of  taste ;  finr  it  is  diffiioult  to  diMia- 
guiah  the  phenomena  fhum  tho  i-fTt'Cta  of  oxtomal  watt, 
•odi  as  chnagse  in  tiie  luturu  of  the  secrotions  of  the 
mouth. 

eeN«B  OF  lorcH. 

Hie  unite  of  toiuji  i*  not  oonfiiuKl  to  particolar  paita  tt 

tho  body  of  sinall  extent,  like  the  other  senaee ;  oa  the 

contrary,  all  parts  capable  of  perceiving  the  prcMflot  of 

a  stimulun  by  urdiiuuy  ncDKation  arc,  in  certain  dej^teM 

tbs  Mat  of  this  soose  ;  for  touch  is  uinply  a  roodiJiaitiaa 

or  eotaltation  of  oommon  acnsatiou  ae  ecosibitity.     Vm 

nerves  on  uhicli  the  sonso  of  touch  depeoda  siev  tbenCbn, 

the  sanM  as  those  which  oonfer  ordinary  eensatloo  on  <bt 

difibront  parts  of  the  body,  vix.,  thwKi  doriTod  Inai  th* 

poiterioT  routs  of  tlio  nerves  of  the  spinal  cord,  and  the 

aooAitive  (.■crvtnd  nei'Ves. 
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But,  altbougb  all  i>nrts  of  the  facxlj  supplied  vith  eoiui- 
livu  nemas  om  ihtu,  m  Hom«  di^^roe,  orgaim  of  totuJi,  jet 
the  sense  u  tOEercisMl  in  perfection  only  in  thoso  pnrte  the 
MBsibility  of  vtliich  is  extrt-mvlj'  tleliaate,  t.g.,  the  ^kin, 
tlui  \ougyte,  and  tlio  lip>,  which  arc  prnndinl  nitli  uhim- 
dant  papillft!.      (See  chapter  oq   Ssct,   and  soction  on 

The  eeoBBtiona  of  the  common  Moudvo  ncrvm  hare  m 
peculiar  a  charader  as  those  of  any  other  organ  of  senso. 
The  !HiDM  of  toiK'li  iciiikTH  lu  c(in*cionit  of  the  jneaenoe  of 
a  Btimiilus,  from  the  elightc«t  to  the  moet  intrnKc  d<^TCU 
of  ita  adioa,  neither  ty  aouud,  nor  by  light,  nor  by  coloor, 
but  hy  tluit  iii<Ii:M:rihitblo  SDmothing  wlitcli  wo  cull  feeltDgr, 
or  oommoo  aentation.  The  modificatioiiia  of  lh!a  itcnae 
often  depend  on  the  extent  of  the  parts  affiBc(e«t.  llie 
aeniMtiuD  of  pricking,  for  example,  inf<iniui  u«  that  the 
MDsitive  particles  ore  intensely  aUected  in  a  small  extent ; 
^eenoatiuu  uf  prcwtun  indicates  a  idightcr  iifTocliuit  of 
in  a  greater  extent,  and  to  a  grentor  depth.  It 
the  depth  lo  uhich  the  parts  are  nifHcted  that  the 
I  iieeiing  of  pniNium  in  diMingiiialiod  from  tliat  of  mere 
cont«wt.  St-hilf  and  llrown-i^^uard  are  of  opinion  lliat 
common  senaibtUtf  and  taotila  aennhility  muuftat  Uiem- 
•elvM  t<j  (lie  individual  by  the  aid  of  diffcnnt  a«4»  of  fibres. 
Ur.  Sieveking  bos  arriTed  at  the  aaue  condtiuou  from 
pathological  ub^rervatiun. 

By  tlie  xcam  ef  touch  the  mini)  i»  made  no(]uaint«d  vilb 
llie  size,  form,  and  other  exltirniJ  characters  of  bodies. 
And  in  order  tliat  these  churiUTliTu  may  be  eaftUy  aaccr- 
lainod,  the  scdm  of  touch  is  ofipcciully  di'vclo[>rd  in  tliwu 
porta  vhich  can  be  readily  moved  over  the  surface  of 
.bodies.  T<tut-h,  in  itn  mure  Umitt-d  seuito,  or  tbe  uet 
examining  a  body  by  tbe  touch,  connsta  merely  in  a 
ntary  vmplojmijut  of  this  sense  combined  with  more- 
Dt,  and  stands  in  the  Kutau  mlalion  to  tlio  hodso  of 
[  toucli,  or  eoiiimou  aeneibility,  generally,  as  the  act  of  seek- 
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in^,  following,  or  duunining  odoara,  doot  to  tlu>  MOM 
■meU.  Brery  seoattive  part  of  (ha  bod;  wiucb  can,  by 
aHMms  of  moTiMnent,  1>0  bnmgbt  into  diffenait  nJatiotti 
contact  vitli  extMiutl  bodies,  ifi  an  organ  of  "  touch."  ]<< 
one  port,  (XMumjueutly,  hjts  exduuTOly  tbu  ftiDctioii.  Tbt 
hand,  boirarer,  i»  bmt  wb^tod  for  it,  by  rviuoa  of  jti 
peculiariliee  of  structure, — oamelj,  its  capability  of  pn- 
RUtioo  and  Hupiuution,  u-liidi  enabks  it,  by  the  oianuBat 
ol  totatioD,  to  «xamiiio  tli«  whols  circumfervnce  of  a  body; 
the  power  it  poasesees  of  opposing  the  thumb  to  the  rat 
of  tho  hfutd ;  aiid  Urn  ri!luttra  mobility  of  tbu  fiagen. 
Bandos — tho  hnsd,  and  ecpot-inlly  tho  fingers,  an  alnia- 
dontly  endowed  with  i>npilla  and  louch-coTjntKU$  (pp.  424, 
425)  which  aro  specialty  uecoaaaiy  ibr  the  perGsct  emjiliif- 
ment  of  this  aenso. 

In  ibrming  a  oooception  of  tho  figure  and  extent  of  4 
KurfiuM),  the  miod  multiplice  the  eizo  of  the  hand  or  Sagm 
)is^  in  the  iiiquiry  by  the  number  of  timoa  whicfa  it  11 
coniainvd  in  the  Murfacu  travcwsd ;  and  by  repeating  lloi 
prooeaa  with  regard  (o  the  difT^i^nt  dimensions  of  a  »M 
hoiy,  acquires  a  Dottoa  ot  its  cubical  vxtcoit. 

The  perfection  of  dm  soaao  of  touch  00  different  pun 
of  th«  fturfiue  ia  proportioned  to  the  power  whiok  mk 
parts  poesasa  of  diatinguishiug  and  iacdatiag  the  scn^ 
tloDM  produced  by  two  jioints  placed  doae  together.  TVi 
])ower  depends,  at  least  in  port,  on  the  number  of  prindtm 
iterre-fibrea  diatrJbuteJ  to  Die  port;  for  tho  fewer  ikt 
primitJTO  fibres  which  on  organ  receives,  the  moie  likelT 
is  it  that  several  impreauoDs  on  different  oontiguoua  paiaU 
will  act  ou  only  one  nerrous  fibm,  and  hence  he  ceo- 
fouadod,  and  perhaps  produce  but  one  sensation.  Expt- 
riments  to  detenutoe  the  laetile  properties  of  diAreol 
parts  of  the  akin,  as  oM^uaurcd  by  lliiit  power  of  diitin- 
guiahing  distances,  were  made  by  B.  H.  Weber.  On* 
experiment  consisted  in  touching  tho  »kin,  while  the  ey(* 
wote  closed,  with  the  jwluts  of  »  pair  of  compassea  aheotbed 
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vith  cork,  and  in  UMNTtaining  liov  clotc  tlin  poiiita  of  tlic 
mig^it  be  brought  to  each  other,  and  Btill  be 
H  tvo  bodka.     He  (numiiii^il  in  tbiH  manner  nMirlj- 
part  of  the  Kurfitco  of  tJio  body,  Bud  hn*  given  tuble* 
bowing  the    rcUtiTo  degreea  of    seDsibility  of  diiTorent 
ExperimentH  of  a  Kiniilur  ki:id    hum  Iwnn  per- 
idiH)    by  Vnlontin :    asA,   among  the  nnmeiouB 
obtained    by  botli  tlieae  inTesligalors,  it  appeara 
exirt-mity  of  tliu  third  fitigiv,  and  tlie  point  of  the 
igue  ant  thn  purts  most  sousitive  :  n  distanco  of  at  llttlo 
Fa*  half  a  line  being  here  distinf^uislied-     Next  in  sensiffTe- 
,  nen  to  these  h  the  muooiia  mirfiiciT  of  the  li[>ji,  whidi  can 
'  pcroeirii  ttio  two  points  of  the  compaas  when  eoparaled  to 
the  distance  of  about  a  line  and  a  half;  on  the  dorsum  of 
the  tongue   Ihey  require  to  be  separated  two  Unea,     The 

! parts  in  n-bicli  Hm  tmaim  of  ti)n<'}i  La  luaHt  acute  uru  tlin 
seek,  th«  middlo  of  the  bock,  the  middle  of 'the  arm,  and 
the  middle  of  the  thigh,  on  which  the  points  of  the  com- 
pue  have  to  be  Hqinrated  |i)  the  diiitunce  of  tliir^  lines  to 
hA  perceived  na  distinct  points  (Weber).  Other  parta  of 
tlie  body  poaeess  vorioua  degrees  of  sensibility  iotermcdiate 
be4wecn  the  above  extremeii. 

A  aeugalion  in  a  part  emloved  with  touch  appears  to 
the  mind  to  be,  ciBbrris  parihiu,  more  intense  when  it  is 
conited  in  «  large  extent  of  surfitoe  thou  when  it  ia  con- 
fined to  a  emidl  epiico.  The  tomporature  of  water  into 
which  ho  dipped  his  whole  hand,  appeared  to  Weber  to  be 
higher  than  that  of  water  of  ntidly  higher  temi)erature, 
in  whirii  he  immereed  only  one  (ingcr  of  the  other  hand. 
Similar  observations  may  bo  made  by  persons  bathing  in 
warm  or  i^M  water. 

Part  of  (he  ideas  wliich  wo  oblaiu  of  the  conditions  of 
external  bodies  is  derived  through  the  peculiar  sensibility 
with  whieli  muBrhte  are  endowcil — tlio  Huiisibility  by  which 
we  are  made  acqu^ted  with  their  position,  and  the  degree 
of  their  coutractian.     By  this  seusatiMi,  wo  tan  ouublud  to 
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mfimftto  the  decree  of  Ion*  oxtrbid  in  rroiirtine 
or  in  niidng  weight*.  The  Mtimate  of  weight  by  mn*^ 
nilar  effort  is  tnon  accurate  iluui  Uiat  by  pr«««im  on  ih» 
■Idn,  according  to  WoW,  who  itatm  ihnt  hj  Um>  tonan 
a  diflerenoe  between  hro  weights  may  be  detected  when 
one  ia  only  one-tweutieth  or  oiii»-fin««nth  Iqm  than  Ibc 
othor.  It  ia  not  the  «baolul«,  bwt  tho  reliitir«,  iHi>mu>t  ot 
the  difference  of  weight  which  we  have  thus  the  bnlty 
of  i>erceiriiig. 

It  ia  not,  howOTor,  certain,  that  our  idon  of  tlto  Aiaomt 
of  muscular  force  used  is  derived  aoWy  Irocn  aensatiMi  in 
the  muades.  Wa  havo  the  power  of  evtimatJng  wtr 
accumtrly  biiforohand,  and  of  ntgHlatin|r,  the  tunonnt  rf 
nerrous  influence  necessary  for  the  pn>duction  of  a  certain 
dt^Ctfie  of  'moreiDCAt.  ^^'he1l  wo  raino  n  Tosael,  with  Hm 
eontenta  of  which  we  ore  not  oequainted,  the  tatxv  «» 
mnptoy  i»  ■lL*1cniiiu(!ii  by  thn  idea  wo  haro  conceived  of  tU 
weight.  If  it  elioidd  happen  to  contain  aome  very  heary 
Kulinftnoe,  as  qoidcailTer,  we  ahall  probably  let  it  fkll; 
t)i(!  nmoiiiit  of  muacutnr  action,  or  of  acrrouR  nner^, 
which  WD  had  exerted,  being  ineudkient.  The  same  ihioff 
occurs  BOmetimea  to  a  jmrson  descending  ataira  in  tli^H 
dark ;  \ie  mokca  the  niov«ni«Dt  for  tho  deaoont  of  a  attp^ 
which  does  not  exist  It  ia  poaaible  that  In  the  some  wit 
tlic  idea  of  wetf^lit  and  prcaaure  in  rntKiiig  bodioa,  or  in 
r«»i«tiag  forces,  mnr  in  part  nri«o  from  n  conacaooaneas  of 
the  amount  of  nerroua  energy  transmitted  from  the  hnia 
latlior  than  from  a  aenMitioD  in  tliu  miwclM  tbemselrat. 
Tho  mental  conriction  of  the  iuabih'ty  longer  to  support  a 
weight  must  also  be  distinpiished  from  the  actual  anua- 
tion  of  fatigue  in  the  miiKliM.  ,  ' 

Bo,  with  rc'gard  to  the  ideas  derived  from  aensatioa  of 
touch  «imbioed  witli  inoremcnta,  it  is  doubtful  how  tat 
the  coDBciousDeaa  of  tho  cxti^nt  of  mmtoolar  movement  ia 
obtained  from  consntions  in  the  muscle*  Ihemadres.  The 
sensation  of  moreiuent  attending  the  motions  of  the  haod 
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reiy  ali^^ht;  and  p«r»oiu  who  do  not  )au)w  that  the 
wO&ta  of  p«itacnl«r  miuielta  U  n^ccMwry  for  thd  pnxliietuiiL 
of  given  niovem«nl'V  do  not  siuipcct  that  the  movement  of 
tlie  Sagen,  for  example,  depends  cm  an  action  in  the  Itire- 
Knn.  Tho  mind  has,  nM-crtln-lwH,  «  vory  rlpfinitc  know- 
ledgs  of  tbe  cbanftiea  of  poailion  produced  by  moTeiaents  ; 
•ad  it  i«  on  this  that  tho  idou  wHiib  it  conceives  of 
the  extension  and  fonn  of  r  body  are  in  great  moocura 
dad. 
order  that  an  impTr««i»n  maile  oa  n  mwitive  soriaoe 
be  perceived,  it  is  necessary  that  there  dioold  exist 
:!i|iro(»tI  ujfluonce  between  the  mtod  and  the  sense  of 
touch  i  tor,  if  tho  miixl  dona  not  thiut  oo-ojtcnite,  the 
orf^nir  oondidona  for  tho  sensation  mny  be  fuLfiUod,  but 
it  ntmiuus  lutpeiceived.  Moreover,  the  distinctness  and 
intennity  of  a  iwnnulioti  in  the  nerves  of  (oudt  depend, 
in  giMit  measurv,  on  the  degree  in  whi<:b  Uio  niiud  co- 
opentce  for  its  perception.  A  painfull  sensation  becomss 
more  intoIoriiLle  the  more  the  atttiution  U  directed  to  it : 
thus,  a  sensation  in  it«elf  inconsidi.-rnblc.  as  an  itcliing  in 
a  very  small  »]>ot  of  the  akin,  may  be  rendered  very 
tronblesomo  and  rnduriiig. 

As  every  sensation  is  attended  vith  an  idea,  and  leaves 
bohiiul  it  an  idea  in  the  miud  which  can  be  reproduced  at 
will,  we  are  enabW  to  compan  the  idea  of  a  ptint  senaalioa  , 
with  another  sensation  really  present.  Thus  we  can  com- 
pare tlii»  wi^glit  of  one  body  with  anollier  which  we  bod 
previously  telt,  of  which  tlio  idoft  ts  retained  in  our  mind. 
WiiIxT  waa  indeed  able  to  distinguish  in  this  luannev 
between  ternperaturc-A,  oxiwrienoed  one  after  tl»e  other, 
better  than  between  temperatures  to  whicb  tho  two  lumds 
were  iiinitiltajMitinidy  subjiwited.  Tliia  power  of  comparing 
present  with  past  sensations  diminisbcn,  howovcr,  in  prtK 
portion  to  tho  time  which  has  elapsed  between  them. 

llie  a/Ur-tfinathnf  Icil  by  impnMiions  on  nerves  of  com- 
mon sensibility  or  touch  are  very  vivid  and  durable     As 
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loDg  u  the  Minilition  into  vidch  the  stimataa  haa  'tlmm 
th«  organ  endfuw,  Uie  aenaatioa  alao  reinains,  tbough  Ibi 
mcciting  cauae  shoaM  have  long  ooased  to  act.  Both  pais- 
ful  oaA  plenauniUa  BensatioDs  al(i»d  man;  exaroj^  of 
thUfoct. 

The  law  of  cojttratt,  which  we  have  shown  modifiea  Qa 
OTumliona  of  viiiion,  jireraUa  hora  also.  jUler  the  hsijr 
hu  been  exposed  to  a  wnmt  nlmoiiphAiv,  m  iogret  oT 
iMsperattue  a  rer;  little  lower,  which  would  under  oUitr 
circunutnncwN  ap])A»r  wmm,  pr<Mlucea  the  senaatioa  of  OoUi 
and  a  nuMen  rhatigv  to  tbo  axtont  of  a  fow  dogreue  from 
a  cold  tentperAture  to  oii«  leea  serere,  will  produoe  tl» 
•ODWitiiMi  of  warmth.  Ilnat  and  cold  ara,  tlierefiira;  Mil- 
tive  tenoa ;  for  a  p&rticuUr  etate  of  the  sondent  oi^ai» 
eanMtwbal  would  otbetwiae  bo  wannth  to  appear  eoU. 
So,  alito  a  ditnioution  in  tho  lotonsity  of  a  lon^-conliaiMd 
pain  girei  pleasure,  even  tboui;h  the  degree  of  pain  that 
Ktmoiiu  would  in  tho  hcudtlij  Mtato  hare  seemed  intokf- 
able. 

Subjtctive  tmvaiont,  or  aonsations  dtipendent  on  iptenuJ 
eaoses,  an  In  no  soiun  more  froqueut  tliau  in  the  aeais  of 
toudi.  All  tho  sensations  of  pleosiiro  and  pain,  of  hoAt 
and  cold,  of  lightneas  and  W6ig:ht,  of  falifpie,  etc.,  oiay  be 
prodiu«d  by  inlnmal  causea.  Nooralgic  puins,  the  wniM- 
tioD  of  ligor,  formication  or  tiie  creeping  of  ants,  and  &t 
states  of  Uie  aexoal  otgaaa  oecaxring  during  8l«ep^ 
Ktriking  «xatnple«  of  mibjectlTe  sensotioDii. 

The  mind,  also,  has  a  remarkable  pow£T  of 
sensations  iu  the  nerres  of  oommon  seusibilil}' ;  just  i 
thought  of  thu  nauaeous  oxdtM  aonietuDea  tho  eoosatioa  of 
DftUMa,  eo  tho  idea  of  pain  ^res  rise  to  th^  actual  sensa- 
tion of  ])aiu  iu  u  [Ntrt  predi^qimoid  to  it.  Thu  thou^t  of 
anvthiu^  horrii  vacitM  tho  sensation  of  Mhuddoring;  (be 
fe«ling»  of  eager  expectation,  of  pathetic  emotion,  of 
enthuHana,  excito  in  some  pttrMoa  a  sensation  of  "no- 
contraliun  "  at  tho  top  of  die  head,  and  of  cold  triokliDig 
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tlirongh  the  body ;  frif^ht  cftuses  eensstiona  to  he  lelt  in 
maay  piuts  of  tliu  IkhIj  ;  oud  ereii  t)in  thouglit  »f  tickling 
vxcitM  tbat  sensation  in  individuuls  wry  susoepcible  of  it, 
wb«Q  tbcy  aro  tbreatened  with  it  bj  tha  movaracDt*  of 
iuiDth<Tr  p<^rffl[i.  Those  sensalioiu  from  intenud  caiues  we 
ntOBi  fr^ueot  in  persons  of  excitable  Demoua  BTvtODU^  such 
as  thti  hyiHK'tiondriacal  and  the  fay&tericiil,  of  whom  it  i» 
n»uii]  to  Mi;  that  thnir  pimiit  oro  iniDginmy.  If  hy  this  is 
meant  tliat  their  pains  exist  in  their  iiua(;inaliou  uiurtrly, 
it  ia  curtoinly  quita  incorrect.  Pain  is  nnver  imagioarj' 
in  thia  wviuo;  but  in  iw  tnily  pain  tvbcn  ari«Dg  from 
internal  as  tVom  external  causes  ;  the  idea  of  pain  onlj' 
can  be  uuatluuded  witli  sonaaiiou,  but  of  the  mere  idea 
DO  QUO  itill  complain.  Still,  it  is  qiiito  certnin  that  the 
imaginatioii  can  nnder  pain  that  already  exists  more  in- 
team  aiA  c«a  excite  it  when  tliere  Ls  a  (lis|iOKition  to  it. 


CH.\PTER   XX. 


GEyERATIOX   AKD    DETKLOPM E!IT. 

Tut:  eeveral  organs  and  functions  of  the  htunao  bodjr 
vrhidi  bavi>  b^en  consldored  lu  the  prevluua  chapters,  have 
relation  to  the  individual  being.  Wo  have  now  to  con- 
sider Ihoae  organs  and  fVinL'iioua  which  are  destined  fbr 
tho  propagation  of  the  H[iei'ies.  Theiw  <unipriiw  the  scrcnt 
Ipiovisions  made  for  tlio  formation,  impregnation,  and 
derelopmeot  of  the  orum,  from  which  the  embryo  or  fratus 
is  produced  and  gradually  perfected  into  a  fiiUy-fonaed 
human  being. 

11i»  organs  conccrucd  in  effecting  these  objects  ore 
named  the  geDcraLire  organs,  or  sexual  apparatus,  since 
part  belong  to  the  male  aud  part  to  the  female  sex. 
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The  temtifi  otffios  of  j^eueratioB 
whoM  functioa  i«  tiM  formutioa  < 
tuht,  or  oviduct,  nomtPcted  with  ei 
{lOM  of  oonducting  tfa«  ovmn  from 
or  carit^  in  wliioli,  if  inipn>Kfiiat«d, 
embtyo  is  fully  iIotpIojhm!,  nnd 
extilcDC^  iadependenlly  of  intan 
pMTMit ;  uad,  lostljr,  of  a  canal,  or  t 
sg«e,  fbr  th«  racoption  of  Uio  nule  i 


*  n^.  3o6.  DiARTommniir^  viaw  <tf  tho 
H  mtn  rrani  bnliittd  (fmiii  Ijiulo).  |. — 
"f  tliD  vnjicbN  bur*  been  liid  Oi)>m  hy  rami; 
Kullujiiiiu  lub«,  Tvnud  ligamtnt.  Mid  ovai 
fliort,  and  the  tnmtl  Iuj;»uirat  nioivvmI  i 
|nui  of  tha  ntcnu:  c,  tlii^otTriioppntil«tb 
«bip«  cf  the  utvriM  (aritjt  U  ihaini,  ud ' 
uifit]r  «itli  tlio  nigs  tenned  ubgr  vibe :  i 
od,  FiiIlo2>i>n  tutw  or  oviduct ;  tbc  nuTOi 
with  thnt  »r  tl-iH  ciirnii  of  ihd  utarm  on 
11|[Kiiipnt  1  to,  lii^mvDt  <>[  tlifi  otuy  ;  \ 
tlw  rlj[ht  Fallopiui  tuli»;  >,  il«  riTiil<riii(w 
A,  oni  of  the  hj^tid*  frequently  foimi 
ligatnent. 


FEM.1LK  oacOta  OF  OEXEBATIoy. 
act  of  copuUtiot),  and  for  the  na1it<Miucnt  i3itwharge  of  the 

The  oraria  are  two  on)  eompreaaed  bodies,  ntunted  in 
tfao  cavity  of  tim  pdTM,  odb  on  oncb  sid^  vnutoaed  in  the 
foldn  i)f  tlin  brond  lifi-araintt.  Kaeh  ovary  is  attached  to 
ih©  utenin  I'j-  ■  luinrow-  fibrous  oord  {lli«  IigMin«Rt  of  the 
ovary),  «»I,  more  slightly,  to  tlie  Fallopian  Vaho  by  on* 
nf  tho  firabrin!,  into  which  tho  wollit  of  tlin  extremity  of 
Iho  tube  expand. 

Tho  ovary  is  enveJoped  by  n  enpiulf  of  d«DM  fibro- 
nUoUr  tlsnio,  which  again  is  «tirTound««l  by  pvritOii«iim. 
HiA  intenud  BtruGtnro  of  tliu  or^'iui  cuiiHists  of  a  pecoUor 
M>ft  fibrous  tiiBiuR,  or  aroma,  abundantly  »ni>plied  with 
blood-vowels,  and  having  embedded  tn  it,  in  voriotu  ttngca 
of  devdopmunt,  iiudiotous  mintito  foIlirI<!ii  ur  VMi<ilos^  the 
Gnafian  rtmln,  or  utuuli,  mntainin);  the  ova  (fig.  207)- 
A  further  ncooimt  of  tho  Grnafiito  viaidea  and  of  their 
contained  ova  uill  be  |ire*Enitly  (;iv«u. 

TJm  Fallopian  tuba  iir«  a))out  four  inched  in  length,  and 
iextend  Itotvccn  tho  ovaries  and  the  upper  an^l<!«(if  th« 
Uterus.  At  the  point  of  attachniKUt  to  the  uterus,  th« 
Fallopian  luiw  ia  vmy  narrow ;  but  in  il*  I'ourw  to  the 
ovary  it  inrrcasee  to  about  a  line  and  a  half  in  thickntuw; 
at  its  distal  extremity,  wiiicli  in  frui  and  ftoatin^,  it  bears 
a  uumbi-r  of^mirt<r,  one  of  which,  longer  than  tlio  nwt,  is 
attached  lo  the  ovary.  Tlie  canal  by  which  each  Falloiiiau 
tube  ia  trarcraed  ia  narrow,  evpRcially  at  ita  point  «f 
mtnuuw  into  the  uterus,  at  which  it  will  acarcdy  admit  a 
Inifltle ;  its  other  extremity  in  widvr,  and  opens  into  dio 
oavi^  of  the  abdomen,  surrounded  by  the  lone  of  fimbriio. 
Externally,  tlie  Fidlopiiui  tube  is  invested  with  perito- 
iMum;  intomall}-,  its  canal  is  Lined  with  mucoux  mvm- 
brane,  covered  with  ciliary  epithelium  (p.  33) :  between 
the  peritoneal  am)  mucous  coats,  tho  walls  aiw  composed, 
like  thoM  of  the  uteroa,  of  fibroua  tissue  aod  organic  miu- 
Bcular  fibres  (|^.  SSl-3). 
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OEXEBATIO^  AI?D 


Hie  uten$  {»,  c,  tig.  206)  is  n  khii 
orgvn,  witb  a  («Dtnil  cA^lty  Uii«d  w 
Id  the  tuiuiifir(Tgiia.t«l  sUitit  it  U 
Itu)j{tli,  two  in  l»eadtl>  «t  its  upper  p 


lower  pointed  pnrt  or  mck,  only  nbt 
part  LotweMi  the  fundus  and  a^ck 
tlii>  titeruB :  it  is  about  an  irith  in 
of  the  organ  arc  composed  of  den 
with  which  are  intermingled  fibres 
the  impregnated  state  llie  Utter  ai 
iiumaflcd  in  number,    1'he  cavity  0: 

*  Tig.  aoj.  Viowof  a  soHionorttif  pr 
t^chrtiii)  f. — I.  outor  covtriim  and  rcMbnrd 
border ;  3.  thv  ovkrian  itranu,  prniMiliiiga  f 
3.  grtnular  ■abrtonoc  Ifing  oxtcmnJ  to  tl 
vtMcli ;  5,  vrigcnnii  in  Uioir  carHcst  itoj 
gnaaUt  Uyct  near  III*  mrfaec ;  6,  ovig 
»nl>rKa  and  ta  pait  mato  dccjily  into  ib 
wbtdi  tha  GrMflan  foUicI*  anil  Inaica  gn 
vbieli  harn  pnund  aainawliat  dMpci  inlu  t, 
bj  tho  fibrons  utronia ;  8,  mora  itdrau« 
ovnm  imlxiJiUii  in  Uia  laj*or  oTwUb  taniiti 
%  the  uiwil  adranwd  follicle  containing 
(imo  wLicb  the  ovnio  has  aceUUnttllj  o*c« 
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in  foim  to  that  of  the  orf^n  iteelf :  it  is  very  hduII  la  the 
uiiimpri'giiuli-il  AtaUi ;  thu  sides  cf  it«  mucoiui  rnufium 
being  almost  in  contact,  and  probably  only  separated  bom 
oach  other  hy  mueus.  Into  its  upper  part,  ut  oocli  aiio, 
opens  tho  cannl  of  tlio  corroMponding  J''ullopiiin  tubo: 
below,  il  commuDioatefl  vith  the  ri^iDB  by  a  tissure-UIra 
opoiting  io  it»  nook,  tbe  o$  uteri,  tfao  niaigiiut  of  wluch  are 
distinguiahod  into  two  lipn,  oii  anterior  nntl  poslmor.  la 
iLe  mucoiu  membrane  of  the  cervix  are  found  sereral 
mitcoiM  foUicW,  tormed  onda  or  gluiidulm  Nabothi :  they 
probably  form  the  jclly-Liba  substance  by  which  the  oa 
ul«ri  in  iwuiJly  found  clo§ed. 

The  ra^inn  i«  m  Rictnl>ruiiniiK  canal,  six  or  eight  Inches  , 
long,  extending  obliquely  downwards  and  forwanls  from 
the  DPck  of  th(!  utnruii,  which  it  embriioes.  to  tho  n.xtuniiil 
tagBia  of  generation.     It  is  Lined  with  niiiouH  mfmibrnne. 
which   iu  the   ordinary  contracted   state  of  ihe  canal,   is 
thrown  into  transvorfci   folds.       Flxleranl  to    thn   mucous 
nicinibrane,  the   walls    of   the  vagina  are   constructed  of 
fibro-cellulitr  liiuiiiir,  witlitn  which,  ««]it«iAlly  around  tli» 
lower  part  of  the  tube,  is  a  layer  of  oreotilo  dssuo.     Tfa« 
lower  cxtroinily  of  the  vagina  ia  embraced  by  an  orbicular 
mxiscle,  the  conetrii-tor  Tuginii!  i  its  cxtumal  orilico,  in  ths 
TJi^in,   is  partially  closed   by  n  fold  or  ring  of  mucous 
morabroue,   termed    tho   hyinen.     The  exEornul  orguis  of 
generation  cDusist  of  the  cliiorin,  a  small  elongated  body, 
tttuated  aboFve  and  in  tho  middle  line,  and  constructed,.! 
like  tlio  mal»  penis,  of  two  erectile  corpora  caTcmoHi,  butJ 
unlike  it,  without  a  corpus  sponf^osuni,  and  not  porforatAd' 
by  the  ureilirit ;  of  two  folds  of  mucous  membrauv,  tarmad 
Uthia  hittrna,  or  njfniphit ;  and,  in  front  of  tltc«o,  of  two 
^ler  folds,  tho  Uihia  fjrunut,   or  puilnnJa,  formed  of  the 
lal  inti^gument,  nticl  liued  internally  by  mucous  mem-  | 
Betirvcu  the  nyniplio'  on<l  biTiieiith  tlie  clitoris  is  an 
spnco,  termed  the  Teelibulo,  at  tho  centre  of  whose 
1ja«o  ia  the  ori£co  of  tlie  meatus  urinorius.     Numcroiu 
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maoouR  fiillickfl  an  tntteni  beneath  tli«  ntuooos 
Imuie  oampodtig  tlwMe  pmit»  of  tlio  nxtemal  wgnu  of 
gtntrndoii ;  oud  at  t]i»  atda  gf  tb«  for»  put  of  tb«  Taghw, 
Ai«  two  lu^r  lubulatod  glanda,  namad  rMfro-Mj^JMnI,  or 
DafVCtMj'u  glaadt,  whii-h  ftro  analogaiu  to  Covr|ier's  f^londi 
in  tbe  mitle. 

llimng  ginm  llua  generul  outUae  of  the  Mv«ral  jMiti 
wbich.  in  the  foniiUe.  cootribut*  to  th«  roprodnvlKia  of  tlw 
ttliecM*,  it  will  now  lie  neueaaarj  to  fixaiuioe  §ueDMitvdj 
the  formation,  dinchiu^,  imprognAtioo,  nn<l  dovtdoiiaunt 
of  the  onuB,  lo  whicb  th«M  aereml  porta  am  mbaenrieni. 

Vnimprtgnal^  Ovum. 

If  th«  Mrvcture  and  /oTwation  of  the  human  ovai^ 
examined  at  lui}'  period  b«tirean  earijr  iufiuic;  and  sdi 
ag«,  but  espeolully  dunng:  that  period  of  litb  iu  wlik-U  i 
pow«r  qf  »niv]>lion  lixiats,  it  will  bo  found  to  contain,  < 
an  average,  from  fifi«en  to  twent]r  euiall  vesiel«e  or  i 
branooB  bbos  of  vnrioua  sjsm;  theae  Utivo  bfinn  abvadj 
uUudod  to  oa  Iho  foUieU*  or  nmcIm  of  Ih  (hitaf,  tlw 
anatomtct  vho  first  aocuratelf  deenibAd  tbc-in ;  \hvj  are 
also  »ou)otim«8  called  onnwi.  At  thvir  lintt  frnToatioB,  lb* 
Urimiiun  ^ixucliix,  according  toSvtiK^D.  are  near  the  curftoe 
uf  the  stToma  of  the  ortay,  but  t>u)ieHK|uunt]/  become  men 
A»e\Af  ]diic«d ;  and  again,  «a  tlroy  increBae  in  siiw,  make 
their  way  towards  the  surface.  When  niatun;,  tlwy  tana 
little  prominences  on  the  exturior  uf  the  ovary,  covered 
only  hj  thu  jwritiniituni.  Kii«h  ft>Uicle  haa  an  exttra^| 
membranous  enrolope,  oompoaed  of  fme  fibroH?ellt]}i^' 
tiHuev  and  OMtnected  with  the  mimnnidiDjf  atKwia  of  tin; 
ovary  by  networks  of  lilood-Toassla  (fig.  208),  Ihia  enTo- 
k^  or  tunic  is  lined  iricli  a  layer<^DtideaMc<>llif,  forming 
a  kind  of  epithelium  or  intL-rmtl  tuuJc,  and  nami-d  wi/mMnu 
Uratudoaa.  Tlit>  iiivily  of  tlic  follicle  b  tilled  u-ith  ao  <dl 
niiuouB  fluid  in  whi«h  mioroecopio  granulee  iloial ;  and 
oontains  also  the  warn  or  owU. 
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Kand  11: 
Bovum, 


Titu  iniim  i<  ft  minuto  «phei-ical  tioAy  situated,  in  tm- 

matuM  foUklfls,   near  the  ccutro ;  but  in   th<mo  luuircr 

mftttiril}',  ill  cuiituct  with  Uie 

membraaa  gmialosa  at  ibnt 

part    of  ilie    ibUide   vliiob 

IbntiA  n  pmmineiiQe   on   tke 

sur&oe  of  tlie  Ofurj.     The 

I  of  llio  m«DibTtLDa  graiiu* 

aro  at  that  point  mora 

Dumturoua      lliau     elsewliera, 

nd  iiro  lioiigii'd   an>und    t]in 

forming  a  kind  of  granular  zoxm,  the  4i»ev»  yr^ 

iiytmu  {fig.  20S). 

^m     In  QxAtst  to  examine  on  ovam,  one  of  tho  Graafian 

^nnidea,  it  matters  not  whether  it  be  of  BmaU  size  or 

^Bamred  at  maturity,  nliould  bo  prirkod,  and  thu  uoutaiiwd 

^  fluid   recoivTHl  upon  s  pi^ce  of  gloss.     The  ovton  thon. 

being  found  in  the  luidst  of  die  tluid  by  meana  of  a  simple 

iHia>  maj*  bo  furtht-r  I'xatniiivtl  vith  liighnr  iuiL-roM»pic 

pownra.    Owing  to  its  globular  form,  howercr,  its  etructure 

oannoi  be  aeeu  until  it  in  aubjec-ted  to  gentlv  jtrtcaure. 

H     The  human  ovum  is  oitnrmaly  email,  mvusuriiig,  atiroid- 

Bing  to  BitdiolF,  (rum  7 1^  to  ^S^  of  an  inch,     lie  estental 

HuTMtnuTQt  in  n  trnnnpar«Dt  membrane,  about  33^  of  lui 

~  innli  in  thickness,  whii-b  under  the  microscope,  apj^eors  as 

I  bright  ring  (fig.  209),  bounded  extnrnuUy  luiil  internally 

'  a  ttark  outUnu:  it  ie  called  the  sona  pellurida,  or  tiulHtu 

It  adheres  externally  to  the  heap  of  calls  oon- 

iiliug  tiua  discus  proligiinut. 

Withiu  tills  tnuMpimint  invostmont  or  n>ua  pi^Uucida, 


'  aoS.  S<N;tioQ  of  tho  Cnuflnn  vcriels  «f  S  Ummnl.  nOsr  Von 
fBscr.  1.  Stnmu  of  the  ovuiy  vith  Uoad-TCHglB.  3.  I'Mitoucuni. 
'3  sad  4.  Laycnof  llio  ciicFiml  cant  of  Ihe  GnaCuii  vdhcIf.  5.  Mem- 
'  fcMtts  KTumloin.  6.  l<'liiuIo(thn  GrWiau  veiidc,  7.  OrutnUrMD*, 
^m  dUcuK  pnilig^tiu,  contalnby  llio  omm  t^. 
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Pis-v!^' 


uhI  aaaullj  is  doae  omtiet  Tith  It,  lies  the  jrdk  or  vitdlusi 
which  u  compwml  of  gnuuika  sad  g'lobnl«i  of  Tuiow 
siM^  imbeddeil  in  a  more  or  leei  fiuid  «ubetaDc«.  Tlw 
CBAllar  gisDules,  wfaldt  are  Uw  more  numcnm*, 
in  tboiT  sppMntwe,  M 
thedr  ranataitt  motioa, 
granules.  Tlw  la^ar 
gLobuim  wliich  have  tbe 
CBt-globale»,  are  in  greateat 
ber  at  th«  periphery  of  the  yelk. 
The  number  of  the  grantikt  !>> 
according  to  BUdioS^  gnatwt  io 
tha  on  of  camirorons  uumala.  tn 
the  btunan  omm  their  quantity  is  compamtivi-Iv  mnaU. 

Id  tba  Bubatance  of  the  y<^  is  imbeddml  tli«  41 
rMic{«,  or  Teaioulag«nninBl>va(riga.  209,310).  This 
w  of  gr«ate«t  lelatire  mxa  in  the  Emalleat  on,  and 
then  ramntnded  dosel;  bjr  thit  j-L-lk,  nrorly  in  the 
of  n-birh  it  lioa.  During  th«  doTclopaieat  of  the  onia, 
thn  gi^nuinal  vesicle  incTMsee  tn  oiiie  much  Uws  rapidly 
than  thv  y>lk,  and  voRiea  to  be  pliu-i?d  near  to  its  uirfiuc^ 
It»  taxa  in  tbo  hurnon  ovum  has  not  yeC  been  mtcortained. 
owing  to  the  diffioulty  of  isolating  it;  but  it  ia  probttUy 
■bout  riiT  ^  *^  '°'^  ^°  diameter.  It  oonsiiib  uf  a  iui, 
t^an*l>m«n^  etructiueless  membrane,  euntiiining  a 
watery  tliiid,  iu  which  are  Bonietimca  it  fcir  granulfti; 
lit  that  part  of  tlui  jwriphcry  of  the  germinal  nHtical  which 
is  DciiirMt  to  the  periphery  of  the  yelk  is  ntuated  the 
iier>i\itMl  ipot  [maeula  ^rmhuuita),  a  finely  granuhtlotl  gnb- 
etanoe,  of  a  yetlowish  colour,  strongty  t«fhuting  the  nyt 
of  light,  and  meaauiing,  in  the  Mammaliu  gunorally,  from 
Hn  *^  nW  of  M  inch  tWoguor). 

*Fi|i.  309.  Omm  of  tli«  tow,  aftv  Batrr.  t.  Qonniiialfpot  1. 
Genuiunl  viviuU.  3.  Ytlk.  4.  ZuMftlliKidii.  $.  DtacvspnUlgira. 
6.  AiUioimtgranulMorcdla, 


• 


DETEI.0P1IEST  OP  OVCM. 


;2r 


Sack  an  the  ports  of  which  the  Graafian  foUicln  uul 
itii  contents,  incloiliii^  tbo  ovum,  oro  compoaod.  The 
diagram  {&g.  310)  rcprrsHiiU  thorn  in  their  relative  pcMd- 
lioos  vluin  mature.  With  r«j>anl  to  llio  mode  wwl  onler 
nf  doTffU^ment  of  these  parta  thnni  i»  voniudorablB  un- 
Mrtainty ;  but  it  sonnis  most  likely  that  the  ovum  is 
tana^  bufoni  tho  (JroaliaB  vesicle  or  ovisac. 

Fig.  110.* 


»  *  il*^  *  * 


Witli  regard  to  the  parts  of  the  ontm  fint  fonnod,  it 
I  certain  that  tho  formation  of  the  germiDal  vesicle 
that  of  tho  velk  and  zoua  {wlludihi,  or  vitutUno 
memhranc  U'hether  the  g«nniiia]  xpot  is  formnl  Gxtt, 
and  the  g<erminfll  voaiole  sAwwuds  dovoloped  around  it, 
^  omnot  he  d«<ided  in  th«  case  of  Tertebrale  auinial«i  but 
observations  of  Kolliknr  and  Itiigga  on  the  doralop- 
at  of  the  ova  of  inteslinul  worms  sliow  that  In  these 
inutls,  tho  first  st^ip  in  the  pnioaaa  in  ihe  prcMSuctioo  of 
oond  bodies  rflsembUng  tho  g«rminal  spots  of  ova,  the 


I 


*  Fi^  3IIX  Diditrnin  III  n  (inuifiuii  vmii-lu,  nnnUiiiing  in  iivuiii.  L 
'Sironitur  ltMU««f  tlisuvsiy.  1  ami  3.  EiikiiiaI  uml  iiiUnial  tuaks 
«f  theCranliaii  vnud«.  4.  Csvily  urtliu  vniulr.  5. 1'hki  liiiUocf  dw 
OTum  or  fclk  bh.  6.  Tlio  yulk.  7.  The  gcmuoal  tcncIo.  &,  Th« 
gctminat  ipot. 
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graniiiul  vomoIm  beinf*    mtbaequBiitly   derelopod  txaaoA 
thew  in  tko  form  nf  tninfiwrcnt  minnlinuious  t.«Ua. 

na  Boore  important  chatigw  tbat  teka  pinoe  in  ft>  J 
onm  next  to  tlio  fonnation  of  tfaeae  its  esMHtial  vm-  * 
pooent  |)uta,  coDBut  in  Bltenitwns  of  tlio  «isB  tiad  poMtioa 
nf  tbc!tl^  piirbi  witli  ntalko  to  «ach  other,  and  of  tb«  uran 
iteolf  nith  relation  to  tin  Onuifina  TOndo,  &nd  in  tlie  mote 
oomi^etfl  elaboration  ot  the  jrelk.  The  eariier  the  >tag>  tt 
derclopinoDt  tho  lai^cr  \m  tfae  gnmiual  reoiclo  to  fela- 
tion  to  tlM  wliole  orum,  and  of  tlic  orum  in  reUlkui  to 
the  Graafian  raaide.  l-'or,  as  the  ovnm  becomes  matni^ 
although  all  thcM  fatia  inereMO  In  size,  tlie  OiM&ia 
vendfl  cnlargoi  moat,  and  tha  germinal  Tesicle  kaai 
ChangM  take  plooo  al*o  in  tha  position  of  tha  partL 
The  ovnm  at  firftt  occupies  the  centre  of  the  GraaSm 
veticle,  hat  Hulxmiiioutly  ia  lexoov^d  to  ita  jwriplierf. 
The  germinal  veeicle,  too,  whic^h  in  jroung  ova  ia  ia  tb 
centre  of  the  yelk,  ia  in  mature  ova  fotmd  at  the  pcn- 
phcry. 

Tho  change  of  pontion  of  the  orum,  fhim  the  centre  to 
the  periphery  of  the  Graafian  resiole,  ia  pooaibly  oonnastcd 
n-itli  till)  fiinnation  of  the  mamhrana  gnunikaa  Triticb  linn 
the  Te»iclu.  I-'or,  according  to  Valentin,  at  a  very  cadf 
period,  the  tontenta  of  the  Teaide  betwven  it*  widl  and  tb« 
orum  art!  alniDst  whotly  formed  of  grnnnlca;  but  in  dir 
proceas  of  growth  a  clcnr  fluid  collocts  in  the  centre  of  te 
veside^  and  the  granules,  vhidi  ttom  the  tint  hare 
regidar  arrangenii^il,  axu  puiOiRil  ontvrurd*,  and  form  Ih* 
membrana  granuloma.  Noir,  as  the  matoie  ovnm  lie*  cm' 
bedded  in  a  thitikeiied  porttou  of  tlin  membmna  granukM, 
it  ia  poniblo  that  when  the  elomentiirjr  parte  of  this  mem- 
brase  are  poshed  ontirardB,  in  the  vay  juat  deacnlxd,  tht 
OTutn  ifl  caniiid  with  them  frcim  the  ctutre  to  the  peiiphety 
of  tlte  follicle.  While  the  cfaaogw  here  described  toko  jilaM^ 
the  aoia  pdlucoda  iucrauoes  in  thidUusa. 
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AccordiDfi;  to  BiH-hofT,  the  tiumb^  of  the  grannW  of 

I  the  yelk  l*  grcati>r  the   more   mature   the  ovum,  oaos»> 

Iqnently  th«  yelk  i»  more  npiKino  in  thn  rtiiktun>,  «nd  tnoie 

I  transparent  in  the  immature  ova.     The  matter  in  vhich  the 

(tTsnules  are  contoiued  ia  fluid  in  the  immature  ova  of  idl 

aniinml» ;    in  some  it  rvratiiiit  lui  j    )iut  in  others,  u  the 

liuman  ovum,  it  eubeeqiuaitlj  beoomea  a  conastent  gela- 

tinotu  Bulistuiioe. 

I     I-'rom  tho  pnrliMt  iDfnnrj,  and  through  tho  whole  finiit- 

(bt  period  of  life,  tliere  aj>pear«  to  be  a  constant  formation, 

derelopmml,    oiul  maturuliau  of  Gnuifiiin  vmicloa,  with 

.  their  contained  ova.     Until  the  period  of  puberty,  howei,-er, 

tthfl  proceea  la  comparatiroly  inactive ;    for,  jirtTvioua  to  this 

1  period,  Ihe  uvariiMt  dro  fmall  and  pule,  the  Onuifinn  v^clee 

ID   tliem  are  very  minute,  few  in  nuniber,  and   probably 

never  attain  full  de\-iJopmeut,  but  noon  iiliri\-<!l  and  dia- 

a|)pc!ar,  inHtvad  of  humtiiig,  us  matured  foUiclsa  do ;  the 

contained  ora  are  also  incapable  of    being  impregTUted. 

I  But,  cointiident  with  the  other  rhangea  which  occur  in  tku 

ritody  at  tbfl  timo  of  puborty,  the  ovarieR  enlarge,  and  be- 

tcome  very  Tsscular,  the  fonontion  of  Graafian  vesicles  Is 

mora  abundnut,  tliit  sizii  and  dttgrM;  of  dcvelopnii-nt  nttninod 

hy  tbcm  aro  greater,  and  the  ora  are  capable  of  being 

fecundated. 

Dachargt  of  Ike  Ovum . 


In  the  procMs  of  development  of  indiridual  Tosicjos,  it 
hs«  bcnn  olrrnily  observeil,  tliat  oa  each  incraaaes  in  sixe,  it 
(Sradually  approaches  the  surface  of  the  omij-,  and  when 

^  SaJij  ripo  or  niiiturc,  furms  a  lillle  projection  on  the  exterior. 

V  OoiDCident  with  the  iiicrc-aao  of  Hixe,  (uiumhI  by  the  uugmuu- 
Istion  of  its  liquid  contents,  the  extomal  euvelopo  of  the 

H*  dialeaded  vouclc  hcctnncit  very  ihiu  and  eventually  bursts. 

^^B;  iMs  means,  tho  ovum  and  fluid  contonts  of  tlio  OniaGun 

■  %  ^1 
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vende  we  liberated,  mnA  escape  on  tb«  exterior  of 
<»Tarj.  vh«Dcu  timy  pwm  laUi  tha  FulluiitBii  tulH),  tbe 
btiated  prooesMe  of  tho  cxtmnity  <^  which  ore  auppeatd 
coincadeptally  b>  grasp  the  ovary,  while  tlia  aperUiro  of  the 
tube  u  Bpplwd  to  Um  poit  uirrvKpouiliiig  to  tho  autand 
sod  bantiog  Tewcle, 

la  nmlmftln  whou  Mpalulity  of  being  impn^uttcd  ocean 
Rt  regular  periods,  «  in  tbe  huraui  eitl^ect,  and  hum 
UanuDali*,  the  Graafian  v«ricles  and  their  coutoined  on 
^ipear  to  tnire  at  maturity,  and  the  tatt«r  to  be  dJachazgod 
at  Bocli  period*  tMily.  But  in  other  airiniah.  «j.,  tbe 
common  fowl,  tho  funnntion,  mntunition.  and  dischaiga  td 
ora  ajipear  to  take  plaue  almost  ooBslaDtly. 

It  luis  long  booD  known,  tliat  in  the  aty-adlcd  onparoai 
•nimals,  tli«  aeparation  of  or»  from  the  ovaiy  may  tab 
pUc«  iiuhipondoRtlj  of  impregnation  bj  the  mole,  or  en* 
of  sexual  union.  And  it  i>  now  established  that  a  lib 
maturation  and  discharge  of  ova,  independeatly  of  coJtiai, 
ucGim  ill  Klammalia,  the  [jcriods  at  which  tlie  matured  Ota 
are  ecpnrated  from  the  ovaries  and  rocsired  into  & 
Fallopian  tubes  bein)^  indicated  in  the  lower  ^*"'"*— ^j*. 
bj'  ibu  ptuTiiunicDu  of  heat  or  ml;  in  the  human  funisls  b; 
tho  phooomona  of  memtmaiioii.  Soxuol  dosiro  msnifbsti 
itself  ia  the  human  female  to  a  greater  degree  at  then 
periods,  luid  in  th(i  female  of  mammiibrouii  animals  at  no 
other  time.  If  the  iiuion  of  the  sexes  tako  p]ac<v  the 
ovum  may  be  fecundated,  and  if  no  union  occur  it 
perishes. 

That  this  maturation  and  discharge  occur  periodically, 
and  only  during  the  i>hcuomena  of  beat  in  the  lownr  Uam- 
malia,  is  made  probable  by  the  fluM  that,  in  all  i"'<pw 
in  which  Graafian  Tesieles  have  been  ibund  proMotinc 
the  ajipeoranco  of  recont  rupture,  tho  animals  were  at  tht 
time,  or  bad  recently  been,  in  h«at;  that  on  the  oUur 
lumd,  there    ia    so    authentic    and    detailed   aocouol  d 
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HOnwiiiia  TCMiiloit  bein^  touuS  ruptured  in  Ibe  interraU  of 
the  periods  of  heat ;  and  that  fismalo  ""'■"■l*  do  sot  ndmlt 
llw  nialea,  and  nerer  beoome  impcegtiated,  «uept  at  those 
ptino<I». 

Many  cmrumfitAiioes  make  it  probable  that  the  hnraaD 
ftMoalc  in  Mil.jwt,  in  thi-«i  n'sprrtj«,  to  the  siimc  Inw  as  tbo 
of  otlier  mammiibrous  animalB ;    namely,  that  in 
'  aa  in  them,  ora  aro  matured  and  diM'huT(;iH]  Trom  tlio 
indep«nil«nt  of  srsuat  union,  nnd  that  this  niatura- 
and  discharge   occur    periodieally   at   the  cprxhn  of 
'taonatruutioii.      Thu*  Oraaiiau    vonck-d  recrmtlf  ruptured 
have  been  frv^tKintly  neea  in  OTories  of  Tirgins  or  women 
rho   could   not   have   bwn    recently   impru^-niitod,    and 
;h  it  iii  tnio  tliut  tlic  oTu  di«chnr^l  under  tluise 
■nces  haTP  rarely  been  discovered  in  the  FuUnpian 
tnbo,*  partly  on  ac'cuimt  of  tlieir  uiinutA  *im,  and  partly 
because  the  search  has  seldoiu  been  prosecuted  with  much 
caro,  jrvt  uialc^  forhidH  iih  to  doubt  that  in  tho  human 
female,    as   in  tho  dnnivHtic    qiiadrupods,  tbo  result  and 
of  the  rupture  of  the  follidea  ia  the  dischai^  of  tho 

I  evidenoQ  of  tho  pgriodical  disoharfjie  of  ora  at  th« 
cbH  of  menstruation  is  first,  that  nearly  all  authors  irho 
<  touched  on  the  point,  a^^-e  that  no  traces  of  follicles 
burst  are  ever  seen  in  the  ovaries  before  puberty 
Tftr  the  first  menstruation  ;  secondly,  that  iu  all  ciuos  in 
which   ovnriiui  follicles  have  bijcai  found  burst,  indepen- 
dently of  sexual  iufercourse,  tho  women  wefe  at  tlie  tiroo 
menstrua  tit)  ^,  ur  had   very  ret^eiitly    pusstNl    through  tho 
BMUrtnial  state ;  thirdly,  that  ulthotigh  conceptioa  is  not 
oonfiuvd  to  the  periods  of  menstruation,  yet    it  is  mora 
lik:ely  to  occur  vrithtu  a  &iw  days  alter  thu  cvasatioit  of  the 

*  Sm,  homvcT,  the  rMonI  of  two  sudi  eases  by  Dr.  LcUutiy,  In  tlu 

PliUu!K>[>liicul  TiiniuciIoD^  1351. 
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m«Dstnul  flux  tluin  at  other  tiniM;  and,  Uatlj,  Hut 
tli«  oTsri«s  of  the  hunum  fsmils  becoioe  tu^id  ud  w- 
cnW  at  th«  meiutru&l  periods,  as  those  of 
the  time  of  heat. 

Fhnn  what  has  been  said,  it  may,  th«T«lbi«,b«  < 
that  the  tn-o  staus^  heat  and  menstmation,  an  i 
■ad  that  the  ossential  aooompaDiromit  of  both,  ia  the  mslii' 
raiiOD  and  extnuion  of  era.  In  both  then  U  a  Kale  of 
MtiTe  oongestioiD  of  the  aaxuiU  urgiuiH,  s^rmpathisio^  wiUi 
the  oTBiiM  at  the  time  of  ^  highest  degree  of  derckp- 
ment  of  the  Qiaufian  T«eidee;  and  in  both,  the  mat 
of  tliis  xtoto  of  congy<*tiun  is  altendcd  by  a  diacha^  ot 
blood  ox  mucus,  or  botli,  fonu  the  external  ot^ans  of  gou- 
ralion. 

The  occurrence  of  a  menstrutd  discharge  ia  one 
moat  iiromiiiout  indications  of  the  commenoonHal 
puberty  in  tbo  fetnale  sex ;  though  its  abeenoe  erea  br 
several  yeura  is  not  neoesaarUy  atleoded  irith  anmt  of  ibe 
other  chancters  of  this  poriud  of  life,  or  with  inapUiea 
lor  sexual  timoa,  or  incapability  of  impregaatioiL  Hu 
aven^  time  of  its  first  appearance  lu  fttmales  of  this 
QOaatty  Rsd  others  of  about  the  same  latitude,  is  fnm 
fimiteen  to  fifteen ;  but  it  is  much  iuliuenaed  by  the  kind 
of  life  to  which  girh  an  subjected,  being  aooeleraled  by 
hahita  of  luxuiy  and  indolence^  and  retarded  by  oontnuy 
conditions.  On  the  whole,  its  appoaroDco  is  eailiar  in 
persons  dwelling  in  warm  climes  than  in  those  inhnbitjiy 
colder  lalitudes;  though  the  extomuTO  inreetigatMn «( 
Mr.  llobcrtoQ  show  tlmt  tlio  inllucnco  of  t«mperatHre  M 
the  developmeat  of  puberty  has  been  exaggerated.  Unch 
of  the  induenca  attributed  to  climate  a]i|>i!uni  dne  to  (he 
ODstom  proTolent  in  many  hot  oonntries,  as  in 
of  giving  girls  in  marriage  at  a  very  early  ago, 
ducing  sexual  excitement  previous  to  the  jiroper 
time.      The   mensti'uol   functions   continue  throu 
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whole  fruitful  period  of  s  womaa'a  life,  and  usually  oeiuo 

ElwM-n  tho  forty-fiftli  nad  fiftintli  yuan. 
The  aererAl  mi'iutrual  periods  usiutllj'  oocur  at  iatervals 
A  lunar  month,  the  duratjoo  of  eedi  being  from  thns 
Ki  lix  thiyit.     In  Homo  womm  the  iotorvnls  are  oa  short  aa 
tltree  weeks  or  even  less ;  while  in  others  tUey  are  king«r 
titan  a  montli.      The  jwriodical  T«tum  is  usually  ittteniled 
b^  pain  ID  the  loins,  a  sense  of  fatigue  in  the  lower  timba, 
and  other  ayiuptoius.  whieh  are  dilfereiit  in  difKtnmt  indi- 
Hviduotn.     IMonstruntiim  due*  not  u.tunllf  occur  in  pregnant 
^■vonwn,  or  in  those  who  aro  mickling ;    but  instanoei  of 
fata  oeeurrenoe  in  both  these  umditions  are  by  no  mvnns 
nra. 

The  menstiTud  discharge  consists  of  blood  effused  irom 

the    inner  surEiicA  of  tli«  uterus,  and  mixed  with  mucus 

Mpfrou  the  uterxia,  ragina,  and  external  parts  of  tlin  gnne- 

BiotiTe  appontus.      Being  diluted  by  tbin  admixture,  the 

Bineikatnial  blood  coagulates   lees   perfectly  than  ordinary 

Uood;  and    the   froqucnt   acidity  of  tint   vii{;intil   mucus 

»t«nda  BtiU  further  to  diminish  its  coagiikbilil}-.  This  has 
Ind  to  the  erroneous  supposition  that  the  menstrual  blood 
contains  lui  unusually  xniall  tjuuntity  of  filiriii,  or  none  at 

•all.     The  blood-corpuscles  exist  in  it  in  ttioir  nntiiral  state: 
mixmd  with  tliein  may  also  be  found  numerous  scalee  of 
>      epithelium  drriveil  from  the  inucioua  passages  along  which 
the  discharge  flows. 

^     ImmwliBtoly  iHjfore,  as  well  ua  subsequent  to,  the  mp- 

^uue  of  n  Graatinn  Tenlcic,  and  t)io  ueii-iipu  of   it*  orum, 

^nHtein  changes  ensue  in  the  interior  of  the  vesicle,  which 

result  in  the  production  of  a  yvllowlah  maas,  termed    a 

^  eorjiut  luuwn. 

When  fully  formed  tho  corpiu  luteum  of  uuuumiferoua 


Corput  Luteuol. 
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luiimolK  i«  a  rotuKltfili  solid  bodf ,  of  a  j-pUowuIl  «* 
colour,  snd  composed  of  ft  number  of  lobuleo,  wliidi 
toaad,  eometimea  a  small  carl^,  bat  mora  &«Kiiientljr  ft 
Kmall  (toUIfoTin  man  of  wliite  substance,  &om  wlikb  deli- 
<-At«  prooMsw  jmw  us  irpin  botweeo  thm  iwveral  MmIcs. 
Very  often,  io  the  oow  and  sheep,  time  is  no  white  sob- 
stance  lu  the  (entre  of  the  corpus  luteom  ;  and  the  lobalM 
pmjccting  &UR1  the  opponito  wuU«  of  tho  Oraufiftn  teaicts 
oppMur  in  a  aecUtrn  to  bo  mpurated  by  tho  thinnest  pcwnUe 
Imuina  of  aemi>trao8par«iit  tUaue. 

^V'lM!n  n  OrsafiuD  resich)  u  uboitt  to  burst  and  expd  1 
Oram,  it  becomes  highly  Tusoular  luid  opaque;  and, 
mediatelj  before  the  rupluie  lakes  place,  ita  walla 
thickfood  »u  the  intertgr  by  a  reddish  ^ulinous 
fle^y-looking  subBtance.  Immediately  after  tho  mptan; 
tho  inner  laj^r  of  the  wall  of  the  veaiole  appeon  pulpy  and 
tlocculi.'Kt.  It  i«  tbroiira  into  wrinhln  hy  the  oontrnctioa 
of  the  outer  layer,  and,  bodu,  red  fieehy  mammillary  pro- 
eeaaea  grow  from  it,  nod  grsininUy  ciderge  till  llief  neaih 
fiU  the  rosiclo,  nnd  even  protrude  ftoiu  the  orifice  io  the 
external  coveiing  of  the  ovary,  SubsMjuenllj  this  ori&o 
elosee,  bot  tlie  fliuliy  gron'th  nithin  ndtl  increasee  during 
the  curlier  period  of  prc-gnancy,  the  colour  of  tho  sabstftDoe 
gradually  obanging  from  red  to  yellow,  and  its  cooaisteaai 
beoomiug  firmer. 

Tlie  cotpua  luteum  of  the  human  female  (fig.  2ii)diffen 
from  tliat  of  the  dotiKHilic  qtuidrufted  iit  Ixiiiig  »f  a 
texture,  nntl  haring  more  frequently  a  persistent 
at  its  centre,  and  in  the  eteiUfotm  cicatrix,  whitJi 
in  the  case*  where  tha  cavity  is  obIiterate<l,  being  piv^KV* 
tiouutely  of  much  larger  bulk.  The  quantity  of  yeUev 
ntbHtance  £»med  is  also  mudt  leea ;  and,  altliou^  the 
deposit  inereiutis  tiitrv  the  reside  has  bunt,  yet  it  does  oot 
usually  form  mammiliory  j^rentlis  projecting  Juto  the  carily 
of  the  reside,  and  never  protrudes  from  the  oriti«v  M  is 


i)dinen 
it  cavfH 
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th6  caw)  In  other  Mnramalia.  It  maintaiiut  the  oharaotn- 
of  n  unifonn,  or  n«nrly  unifonn,  laj-w,  which  b  ibrown  into 
WJiaVlu*,  in  ronfle<iiwnre  of  Oil'  contractiMi  of  tho  oxtenuil 
tUBio  of  tho  veeicle.  After  tlio  orifice  of  llio  vesicle  has 
clu««I.  the  RTOwth  of  tha  yoUow  suluitMico  conluiaes 
during  lie  fiwt  luilf  of  iirpgnaney,  tU]  tho  cavity  it>  riiiliiood 
to  a  oompMittively  nna.ll  eine,  or  in  i)l.liloratea;  in  tlio  laller 
emm.  nearly  a  whito  stellifonn  cicatrix  roinains  in  the  wjutro 
of  the  corpus  luleum. 


An  fffiirion  of  Wood  g;cn<irjJly  takes  plnco  into  tho  cavi^ 
of  the  Graaiian  reside  at  the  time  of  its  rupture,  esiieciaUy 
in  tho  biimaii  HuliJH't;  hut  it  haa  nu  vliim  in  foniiiug  the 
ydllow  body;  it  griidunlly  loses  its  colouring  matter,  and 
nopiircB  the  character  of  a  mass  of  fibrin.  The  serum  of 
the  blood  sotDPlimei*  reniiiius  iiivhidcd  witliiii  n  cuvity  In 
tho  centre  of  tho  congulum,  and  then  tho  decolori/cd  fibrin 
iomu  a  membranilbna  sac,  lining  the  corpus  luteum.    At 


tig,  tit.  ('urpDnt  lutcB  of  (llDcriMit  pcricxls.  b.  Corpu*  latonm o( 
■boul  lli«  lUlh  virvk  altet  imjiitguniiaii,  uliowing  it*  (jicatHl  fonn  M 
that  period.  1.  Suliitnuco  of  t!ia  amry.  x.  Subttancc  of  ttia  roriiiui 
latcnm.  j.  A  givT>>''  <uitgiilimi  iu  iu  cavity.  Aftir  Dr,  PuiBraon. 
A.  Corpiu  tutoam,  two  iLivb  nflcr  dnllvtcy.  n.  In  tbs  tw*Uth  WMk 
itta  dalivpry.    After  Dr.  MoDigouiery, 
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other  timea  the  sonim  i*  noioTnd,  aad  the  fibrin  ccsutl- 
Mm  a  »olid  •teUiform  man.  h 

The  yellow  sabrtancB  of  which  the  corfms  lBt«un  ^| 
•isia,  both  to  the  baman  nibject  and  in  the  dttneilk' 
aDimaU,  U  ■>  growth  &oia  thtt  iniMtr  Mir&oe  of  the  Onafiao 
vsflick,  the  neolt  of  an  incxeoaed  donlnpment  of  tlw  oriU 
fornuntt  the  memhiaoa  granuloea,  which  aatitmUy  Ikce 
the  iatumul  tunic  of  the  vesicle. 

Tho  first  chiuigoa  of  the  int«nin1  coat  of  the  Graafian 
nride  in  the  pfooeaa  of  formnlioa  of  a  cviTpua  lutoum,  wcm 
to  oeeur  tn  ereiy  oane  iu  which  aa  omun  escapes ;  u  weQ 
ia  the  hamao  subject  as  in  the  donMvtio  quudnipeds.  If 
the  OTUU  ia  impref-naled,  ihe  'p-owth  of  the  f  eUov  mb- 
staQce  giowa  ou  during;  m.-ail}'  Uie  whulti  jwriud  of  gestaliOB. 
and  furnw  the  largo  corpos  luteam  eoiDmonly  d«M.Tibed  aa 
•  i^Lancteristio  mark  of  impregnation.  If  the  oruEo  ii 
not  impregnated,  the  growth  of  yellow  milxitunue  on  the 
intomal  surface  of  tho  reside  proceeds,  in  the  human  oraiy, 
no  Airther  than  the  fbrmotioa  of  a  thin  layer,  which  ebcaHj 
(tinappttuRii  hut  in  tlio  dODMstic  UubibIm  it  ixntinuea  tat 
Bomo  time  after  the  orum  has  petiahed,  and  forms  a  corpus 
luteuin  of  considerable  size.  Tha  fhct,  that  a  atructnfe,  is 
its  OMDDtial  charactors  similar  to,  thougrh  nnidlcr  than,  a 
corpus  luteum  observed  dunng  pregnancy,  is  formed  in  the 
human  Aubjeet,  indi^pundeDt  of  imptegnalton  or  of  sexual 
union,  rouplcd  n-ith  tho  TanotiM  in  atxe  of  corpora  lutDa 
fbrmed  during  pregnancy,  necessarily  renders  unsafe  all 
ovidniLue  of  previous  impntgnutiou  fuunded  ou  the  existence 
of  a  corpus  luteum  in  tho  ovary. 

The  following  table  by  Daltoa,  expresses  well  the  dif- 
fereiKTes  bntwewi  the  corpus  lutitnm  of  tho  prc^gnant 
unimprcgnatod  condition  reapectlrelf . 


IHPItBOSATlON  OF  THE  OWU. 


731 


At  At  fd  of 
OtuvmUh 


flcDcwailA* 


£lBauarA« 


tUntmtiUXt 


Conrra  LontrM  or  Km-     Cotrc*  Lmcm  or  PBsg- 

vraoATiox.  >A>-CT. 

Thrto-iinulMn  of  w  tndi  In  diametar ;  voutnl  clot 
r*iliUe}i ;  conrolntcd  mil  fialu. 


SmaUtT ;      convalnlcil 

wall   brifcbt   T«Uow  ; 

dot  ■till  nddJih. 
IMac  cdtothncoiidltlon 

of    m    Luugoiflcaiit 

ekatru. 

Absent 


AUmt. 


I^rgrT :  conTalGifd  wall 
bright  ydloB;  clot  nill 
rciidiiih. 

tirvtu'vlgliths  of  an  indt  bi 
lUanieler ;  convoluted  wall 
bright  ytllow  ;  clot  pcr- 
feptly  Jec.oIorlMil. 

SUU  u*  lar^D  an  at  «riil  of 
wcuuil  ni>>Dlli ;  clot  Gbd- 
noiu  i  convokUd  wall 
palor. 

On»-half  an  inch  (n  dUme- 
t«r :  rvnlrul  Hot  convertnl 
iiilo  K  riilialiuK  dntrix  ; 
tiiu  ritMual  wall  tulsrahly 
tiiiek  and  coQvo!ni«il.  but 
without  any  Iright  ;eIlow 
colonr. 


UiraEnXAlIOtl   OF  THE  oruH. 
Malt  Sexual  Functiont. 

The  fluid  of  Iho  male,  by  which  tbo  ovum  is  imprecated, 
oonsistH  csAeutiallj  of  the  eemoQ  secreted  by  the  t«atid(a; 
and  to  this  nro  added,  m  nocoMury,  purhnp*,  to  ita  perfoc- 
ttoo,  a  material  secreted  by  the  veeiculs)  MininalM,  ia 
vhivh,  as  in  reservoirs,  the  ecnion  lius  before  ita  discharge, 
an  woll  us  the  eecrotion  of  tho  prustatn  gland,  and  of 
Cowper's  glands.  Portions  of  thcise  sereial  tluida  are, 
prohubly,  all  discharged,  together  with  the  proper  secre- 
tion of  tho  t<<etirlf^. 

The  secreting  structitru  of  the  teJi(i(:le  is  disposed  in  two 
contiguous  parts;  (l)  th«  body  of  the  testicle  eDclosrd  within 
11  tough  fibrous  metubrane,  the  tunica  athu^inea,  od  the 
outer  siirfoce  of  which  is  tho  wirous  oovuriag  formod  by 
the  tunica  vaginulit,  and  (2)  the  epididymit.    The  ia»  itt/eTttu, 
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th«  main  tnink  of  the  secretiiiff  tube,  wlun  foUowedl 
its  origin,  u  (bund  to  [iujh  to  the  lower  p«rt  of 
(lidj-mts,  and  anuntM  there  a  niach  lev  duuneter  witli  a 
vary  turtuuiis  roune:  with  its  variouR  conrolotuiDa  il 
fora»  first  tho  oum  named  gtotiia  minor,  theu  the  bafy,  and 
then  the  jr'o^  "•AJt"' of  the  epididymb.  At  tlis  laet-nuMl 
part,  tL«  duct  divid«a  iuto  t«n  or  tirolro  mtaU  bnoebn, 
the  conrolutiona  of  which  form  coniform  maase*,  namvd  cmi 
ttoMuton ;  and  tlw  Teaaels  oonti&aied  from  these,  the  nm 
tfftrmtm,  after  ooMtoiDoaiiig,  one  with  another,  in  what  i* 
called  the  rat  mtU,  lead  fintdly  through  the  tubuU  iwti  w 
MM  neta  to  tho  tubnloe  vhich  fonn  the  proper  aubetancfl  of 
Ibo  teettcie,  vheniu  they  are  arranged  ,>n  lobolM,  doatij 
pBdk«d,  and  all  attadwd  to  the  tough 
Fif.  212.*  fibrous  tiaaue  at  the  back  of  the  IMtkl& 

The  teminal  IhAm,  or  tntvli  trmiitifm, 
vhich  compose  the  prtqter  subatance 
of  tho  toatklo,  iir«  fuw  tfaread'like 
tahulea,  formed  of  eimple  homogae- 
otu    membrane,    mciumring    on    an 

avenge  ttt*^  *<*  T^t^  "^  "^  i^ 
in  diameter,  and  lined  vith  «pllbe> 
lium  or  gland-cells.  Itarely  branching, 
they  extend  an  simple  tubes  through 
a  gruat  length,  nitli  the  aamo imifoim 
c1ructQi«,  and  probably  tomunati 
either  in  free  cloaed  extremities  or  in 
loops.  Tboir  walls  are  coverMl  with  fine  eapilliuy 
▼•Mvls,  through  which,  rodEoning  tbojr  grout  ex 


lybU^ 

cxttfoia 


*  Fig.  311.  Plan  of  a  vartieal  (C«tion  of  tli«  lestieb^  abowiiigtlw 
■RBngtment  of  tho  duct*.  Tho  Inw  laagtb  ud  dumetcr  oT  the  ilncU 
hav*  bern  di0*|cu4t>L  a,  it,  Iul)u)i  Rsminiftri  coUmI  iip  tn  lb*  Mifwita 
lob«> ;  h,  tubuli  ttoU  or  vun  reaU :  c,  reto  UHtia ;  <t,  van  vOcniilit 
•ndlngin  tliBOoatvaiKiiW;  I,  ',3,  ronrcilutnlMiiftlartliixtiididjriiii*) 
A,  VM  derBimii ; /,  MdJoD  or  th«  Imck  iwrt  of  tha  tunica  tltafB^aM;  1,1, 
Ultoaa  prootmn  runaing  botwveu  tliH  bb«i ;  ^  mntlsitlnnai  1' 
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Pif.  ^I^•       B 

89 

0 

* 

W  ^  ^  '  ^'-''  "^     -^  ipeniwlfa  fll^ 

^^^^  >     k  ^        inrati  from  the  hantan  m  dafhrMW 

^^|k  M  ^        I  J|        (fraui  lidUiliui),     I,  maiptiAcil  350 

B^^      ^fl  ^kd^     ^^       iliMuctor*;  i,   nugnifiid  Soo  ilia- 
V  ^^  ^A^V     ^V'        naMv  ;  a,  btnn  Uta  liilo ;  t,  from 

L  ^V  T  aboTCL       1),    npnniutic   m)I*   miiI 

B  I  >pnT]ut«zna  of  Ui*  liutl  uiidirgolng 

'  '  '  •  devijIopiQitut  (from    KoUilcn)   '\*. 

I,  »|«nuatit;  cpIU,  with  one  or  two 
nuuici,  una  of  Uiom  that ;  j,  3,  &r<t 
iiui'lei,  with  jipprnitttiii  likmciils 
fomung ;  (,  tha  filuncnt*  iilonK>t«4 
and  the  iKHly  wiilriiw] ;  5,  IilniuiiuU 
u>«rly  taW-j  i1«t(<1dp*iL  C,  nupc 
of  tfai'  ii|HMiiiatoiDa  from  thoir  cell* 
in  tba  Mna  antiuaL  1,  ipennatlc 
cell  OMiUioinK  tba  RpermatofMii 
ooUod  Dpirithiuil ;  1,  tlioci'IUolon- 
ffXeA  b;  tlin  pnniii]  niicoiliu^  ot  Um 
opimistic  DJanicDt ;  3,  a  mil  from 
wUuk  Liui  Hkm«nl  ha*  in  part  b«>- 
OOUM  (tn  :  4,  tha  lUoD  nith  ihii 
bod;  uba  partial!  J  fnn ;  S,  aparma- 
I  Uaeon  km  tha  «pi'l  Itlfinia  witli  vutigea  of  tha  mII  adherait :  6^  «f«- 
iDitoimiu  TruTO  tha  lu  dufcToui,  thawing  th*  (mat)  aalofginitiit,  f^  «ii 
tLs  itluucut. 
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oompariaon   irith  the  nw  of  the  spermatic  srteiy, 
blood  muKt  move  vcr^'  Uowlj. 

The  timiiuii  ^uid  McrvMd  by  tb«  tasticlo  ia  ons  of 
mcretiaiu  in  vhidi  &  procces  of  developffliMtt  U  cont; 
ufler  it*  fonnfttkiD  by  th«  aecntiim;  odla,   and  it*  dudiarge 
tton  them  into  11m  talws.     Tlia  priacipal  part  of  tliia  de- 
Wopmnit  cooaiate  in  tfae  foratatioti  of  the  peeolior  bodin 
named  trsHiutjUanienU,  fpermtitctov  ot^3e/matotoiiU{6g.  21]) 
tbe  complete  devdoimoot  of  itbieh.  in  their  full  yropm- 
tioD  of  namber,  is  not  schJered  till  tbe  aemea  hu  rucLed, 
or  hae  for  eomo  time  Uin  in,    tbe  Te>knil»  wimfniilfn 
£uli«r,  after  its  fiivt  ecKrnitKMi,  the  amnen  cootaina  bodg  of 
theao  iMiliuH,  but  grauult^a  and  round  coc|Kiadea  (• 
oorpoacles),  like  liu^  nuclei,  oocloeed  withta  pwenix 
(Gg.  213).     Within  tench  of  theee  oorpuades,  or  gnd^l 
aeminal  filament  ia  developed,   by  a  aimilar  procen 
nearly  all  aQimnls.     Kach  ooqiuacle,  or  nodens,  ia  BSei 
with  granular  mattor;  thia  ia  piradually  converted  into  a 
Bpmnatoaxiid,  «hii-h  ta  at  find  ixiilnd  up,  and  in  oonlact 
irith  tbe  inner  atu&oo  of  tbe  wall  of  the  corpuscle  (fig.  2^1 
C,   I).  ™ 

Thus  deirelopod,  tho  human  MtmimJ  filaments  oonsist  of 
A  long,  alotder,  taperinf:  porlion,  called  the  bttiy  or  tail, 
to  diatanguinb  it  Irom  tbe  btiail,  an  uvul  ur  pyriform  pa^ 
tion  of  larger  diumiiter,  flulti^mJ,  and  aometinies  poJnliid. 
Thtry  are  from  -nv^  ^  ti^^  ^^  "^  >°^  >»  length,  tl^ 
length  of  tfae  head  alone  being  from  Ta'c^tii  to  T,.'tBth  «^ 
an  inc^,  and  ita  iridth  about  lialf  aa  muub.     They  preeent 
DO  tra4«  of  etructure,  or  diaaiinilar  orgaoa ; '  a  durk  Kpot 
oftdQ  pbaunred  iu  tbe  bead,  ia  probably  duo  to  its  be! 
ooncavo,  like  a  blood  coqnucJe.     'lliey  move  about  iu 
duid  like  «o  many  minute  corpuMlc^e.  with  each  a 
pTOOOBB,   lasbing  their  tails,  and  {iropvUing  thnir 
forwards  in  varioua  Unco.     Tboir  muroment,  which  is 
bably  cMcntially,  oa  well  aa  apparently,  aimibu-  to  that 
dUarj  ]^o<»awa,  wg^eara  nearly  indepondtnt  of  external 
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oonditioiu,  laovided  the  natural  densitj'  of  tJie  fluid  is  pre- 
MOrred ;  di«turbmg  tlitti  condition,  by  either  0Tn])aTitting 
th«  Mmro  or  diluting  it,  will  ^op  the  movcnupnt.  It 
may  ooutiuue  witbiD  the  body  of  ibo  female  fur  outvq  or 
ei^ht  (Ui^  Bud  out  of  th»  bod;  for  nt  lonst  nearly  tvMitf- 
four  hours.  The  direction  of  the  morement  is  quit*  un- 
c«rtaiu :  bui  ia  gcucTal,  th«  uuirent  thnt  oarh  oxirittw 
it  frcim  the  contact  of  ot)i«n.  'ffao  rato  of  motion, 
ing  to  Valentin,  is  about  one  inch  iu  thirteeo 
minutcft. 

H«ii>eL-tiDg  the  purpoM  boitmI  by  thc^c  seminal  fila- 
ments, or  concerning  Untax  exttct  nature,  little  that  is 
dsrtuin  c*a  be  mid.  Tliuir  occumMinc  in  tliii  impregnating 
fluid  of  nearly  all  cla«eos  of  animQln,  proros  thnt  they  ore 
efitienlitJ  (o  tbe  procew  of  impret^tition ;  but  beyond  ibis, 
imd  that  their  eoutnct  with  the  ovum  Is  ncceaoaiy  for  ita 
development,  nothing  is  known. 

The  iwmiual  fluid  ia,  probably,  after  the  period  of  puber^, 
seci'eted  coniitiinlly,  though,  eswjit  under  exeitement,  very 
'^j  in  the  tubules  of  tbe  testicles.  From  these  it  passes 
111!)  vaKu  d<Uer<ititia  into  tho  veaiculiu  miniiuilue, 
'ItenoOt  if  not  expelled  in  emission,  it  may  be  discharged, 
oaalovly  as  it  enters  tbom,  either  with  the  urine,  which 
may  reuioi'v  miiiute  quuutitii^,  uinglt^d  with  tlie  uuciut  of 
the  bhuld<-r  iind  the  ^ecTi^iuu  of  tile  prostate,  or  Irom  tbtt 
uretlira  in  the  act  of  defcuttion. 

"ITie  veakula  tfininatet  have  ibe  appearance  of  out-growths 
from  tlio  vneii  defi.Tcntia.  ICacli  va»  dofcrenit.  junt  b<;for» 
it  eaters  the  prostate  gtand,  through  part  of  which  it 
pBWos  to  turmiuiiti?  iu  Urn  uruthrii,  j^ivea  off  a  sido-bnuicJi, 
whicti  bonds  buck  Irotii  it  ut  nn  aoutu  angl« ;  and  this 
branch  dilating,  variously  braQi.'hing,  and  punuing  in  both 
itwlf  and  itti  brunclies  a  tortuous  couree,  eonstmets  tba 
■rancnla  (nmiuulix.  KMih  of  the  veuouln',  thdrefore,  might 
ht  unravelled  into  n  siuglo  branidiing  lube,  eacculuted, 
convoluted,  and  folded  up. 
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Tha  mucous  merabnae  Uning  the  veeirato  seminika, 
like  that  of  thn  gnll-bliuMur,  m  minutely  wrinkled  uiil  set 
with  folds  and  ridgoa  nmnged  m  u  to  give  it  •  finely 
roliouluk-d  a])iH>iu-uni.-u.  Hie  te«t  of  llicir  wulls  i*  formed, 
diiufly  of  u  laymr  of  orguaio  muscular  fibru,  from  whioli 

/'if.  214.* 


Qigf  derive  contractile  power  tar  tha  expulaios  of  ^t 

contents.  "^^1 

To   the  vesiculfo  seminales  a  double  ftinctum  n^^i 

lusignod  ;  for  th«y  Iiuth  HCcrete  som«  Uuid  to  be  added  to 

*  Fi|t-3i4-  DiM«cti«igrilii!  luMuT  the  lloddcr  011*1  ptMUIc^Ut^ 
nhainiig  tlia  Tnicnln  wnuDolfs  ntid  vaM  ikfttnitiM  Ifruin  EloUu).— «^ 
laovt  tiataKe  of  tbo  blndiior  Rt  the  plarc  of  mHoxion  of  tfao  poriteaeBB; 
tvthn  {ATliboTc  rorm»]  hy  tlm  pnritrinenni ;  i,  letl  T«doreniiu.<aidiiis 
ln(,  tha  cjuculatory  duct;  Ihn  vu  dvfvmiis  luu  b«ii  lUvMeit  HMr^abj 
nil  oxMjit  tliB  vMide  poKiuu  haa  bt«i  takm  kway  ;  j;  IcA  naicvU 
■eminnlia  juitilnit  Uii>  ume  ■luot:i,<.lha  right  t»«  dvlvraii  Uid  ri(;U 
TcdmU  ij'iiiiiiHlii^  whtrli  hai  be(n  uimvoUed  i  j>,  Dader  lid*  <i{  tbe 
)ira)iHi<-  ^ilHiul;  Ki,  fnri  uf  tlin  nrcihn;  u,  w,  the  Brolcn  t<"> •ix't 
uvu  ^,  V\w  ti^^X  dk  UBTwd  uido. 
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toaticlee,  imil  iwrvo  as  rvsorvoinr  for  ths  Bcmi&al 
fluid.  Tlie  former  is  their  most  ooustant  nud  probalil; 
moat  important  ofBce ;  for  in  the  horu,  bear,  f^uinett-pi^, 
uBil  MTcnil  otlier  animob,  iu  whom  tlio  vesiculiD  aeminalea 
ue  large  and  of  sppareotly  active  fuDction,  thoy  do  not 
communicate  witl)  tho  vnsa  diifi^rcutin,  but  pour  their 
Aocretions,  separatelj,  though  it  may  ht  nmultmioouidy, 
into  the  urethra,  lu  mau,  ulao,  when  ont^  testicle  is  loet, 
Ihfl  corrcspouding  rosicula  scmmiilia  sufTera  no  utrophT, 
though  ita  fuuctiou  as  a  reservoir  la  abrogated.  But  how 
the  TeadcuLin  MtmiitnlH  act  ns  sncroting  or^cuis  ia  imkiuiwii ; 
the  peculiar  browmah  fluid  which  they  oontain  after  death 
doea  not  properly  represent  their  secrotion,  for  it  b  ditTorGiit 
in  appcaranco  Irom  anything  discharged  duriog  lifp,  and 
is  mixed  irith  semes.  It  ta  nearly  oertain,  howevdr,  that 
th«tr  secretion  contributes  to  the  prupor  compo^tioD  of  ths 
inprpgniiting  fluid ;  for  in  all  tbo  nnimnU  in  whom  llioj: 
aiiAt,  and  in  whom  the  (generative  functions  ore  e-iercifieil 
■t  only  (too  MOAoa  of  th«  yc<ar.  th«  veciouLe  soisinalea, 
whether  they  communicate  with  the  rasa  deferentia  or  not, 
enlarge  coiumeneuratoly  with  the  testicles  at  the  approach 
ot  Uuit  sewou. 

That  the  tmicuIeb  ore  also  reBerroira  in  which  tho  mdiU 
nol  fluid  may  Ue  for  a  time  previous  to  iU  discharge,  is 
kIiowd  I^  their  commonly  containing  tlie  scmiuul  fUauenta 
is  larger  abundonco  thtin  any  portion  of  the  eeminid  durbt 
themeelvee  do.  The  fluid- like  mucus,  also,  which  is  often 
diaditirgcd  Irom  the  vesicuho  in  Etroiuiiig  during  defeco- 
tion,  commonly  contain;  tieminiJ  6Inments.  Diit  no  reason 
GOD  bo  girun  why  this  ollite  of  tlie  vesicutm  should  not  be 
eqtuJIy  necessary  to  all  tho  aaimiUs  whose  testicles  are 
OTgoiuKed  like  those  of  man,  or  why  in  many  animalH  tlu) 
Teaicuho  nr«  wholly  ubseut. 

There  is  an  equally  complete  want  of  information  re- 
spvcting  tlia  sucrelioua  of  the  prostate  and  C'owpcr's 
gUode,  their  nature  and  purposes.   That  thoy  contribute  to 
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tlw  right  cmniMstdOD  of  Uie  impregnatiii^  fluid,  is  a&aw 
both  hy  thd  [Mwitlun  of  thn  gliuii)»  tmA  by  tboir  ttoliagiD 
with  tfae  testicles  »t  the  iq>pn»ch  of  an  animal's  bnedin 
tioM.  But  that  Ihey  oontribulu  ouly  a  tiubordi&aia  psrt 
«hown  iry  Qm  fact,  tluit,  when  iho  t«atid«  uo  lost,  thoog 
these  other  organs  bo  perfect,  oil  procrctativo  power  coam 

The  tningled  secretions  of  all  th«  orgaua  jtuit  detcribfi 
form  tlie  Bem«n  or  MMniDsl  fluid.  Its  ooi^sdae  hai«  bee 
already  dnmbed  (p.  734):  its  fluid  part  has  not  bee 
salia&clorily  saa]y«ed :  bat  Heole  euys  it  contuins  dim 
bscaase  shortlj  aftrr  Vicing  dischsTgeil,  flooculi  fom  !■  J 
by  Rpontaneous  congTiIation,  and  leare  tfae  rest  of 
thinner  and  more  liquid,  su  thst  the  filamonts  more 
mora  actively. 

Nothing  bos  shown  what  it  is  that  makes  this  flu 
its  rar|Misc]ce  capable  of  impngnatiug  tho  omia,  or  («b 
is  j0t  more  remiu-kable)  of  living  to  the  derelopu^  ot 
spring  all  tho  chsTactnr*,  in  ftsturM,  sixe,  ineatnl  di^m 
tion,  and  liability  to  disease,  which  belong  to  the  fiUhe 
This  is  a  fart  wholly  iDex])Ucah1e :  and  ia,  ]>erfaa[)S,  od 
exceeded  in  strungenoas  by  tlioso  facts  which  show  tk 
tho  seminal  fluid  may  exetrt  each  an  influ«noe,  Dot  oolf  t 
the  OTum  which  it  impregnaton,  hut,  tliroii^h  tho  ni«diui 
of  the  mother,  on  many  which  aro  subMquently  imprej 
Dated  by  the  seminal  fluid  of  another  male.  It  has  hd 
often  obserred,  for  examfde,  that  a  wdl-brod  bitch,  if  »t 
have  boon  once  impragnatsd  by  a  numgnel  dog,  will  o/ 
bear  thorough-bred  pu|^«B  in  tfae  next  two  or  thra 
titlcxs  after  that  suoooeding  the  copnlnti'in  with  A 
floongntl.  But  the  best  instance'  of  the  kind  wat  in  tb 
MSB  of  a  nuue  belonging  to  Loid  Morton,  who,  wliils  In 
WM  in  India,  wished  to  obtain  a  cioas-breed  betweea  ih 
horse  and  (juaf^ga,  and  caused  this  mare  to  bo  connd  b] 
a  male  <)uagga.  The  foal  that  she  nntt  bore  had  diatiui 
marl:s  of  the  iiuagga,  in  the  shape  of  its  head,  bkck  Un 
on  thft  tfi^  and  shouldcn,  and  olhor  chanctem.    Aim 
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titts  titno  »bo  TM  thriew  cnvcrcfl  by  hon^n,  oad  ormy  time 
tlve  ftal  she  bore  had  still  distinct,  tbougb  d«creaiiJD(>, 
nurks  of  ttio  qiuifrga;  tlio  [itii-iiliur  cluirftrtunt  of  Lbo 
qtuggit  being  Uitu  impn'Mod  cot  only  on  ibe  oTum  Iboa 
impregnated,  but  on  ttie  three  foUowiBg  on  iuii>r«giiiktcd 
by  hartMiM.  It  would  iip^iLVtr,  tha«fiw«,  that  tho  coDstita- 
tion  of  an  imptvguntrd  femnlo  may  bocom«  eo  allet«d  and 
tainted  with  tbe  peculiaiiliea  of  ibe  imprcguuting  malo, 
ibniagb  th«  im-Oiiiin  of  Ihu  fiirtiix,  tluU  she  ueceeaarily 
impaKs  sucb  peculiarities  to  any  ofiiqmtig  the  may  aub- 
.  aeqiuotlf  boar  by  otbor  maJea.  Of  ibo  diract  mtmiM  by 
which  a  |ii-adinr!ty  of  ntructiirc  on  tho  part  of  a  male  la 
thtis  tnmsmitt^  notlung  wliatevor  is  koown. 

DETEtorHEST. 

Chaitftt  in  th«  Ovum  prtvioiu  tc  titf  Formattom  t^  iJtt  Emlf^. 

Of  ibo  chfuigc*  wliirh  tb«  oniin  usdergomt  prerious  to 
the  formation  of  the  embryo,  some  occur  U'hile  il  is  still  iii 
tho  ovary,  aiul  arc  appuriMitly  todepeBdcut  of  impnig- 
natioo :  others  take  place  afUr  it  hw  rMcbed  Um  FaUo- 
pian  tube.  Th«  knowledgo  we  poaseoa  of  Ihnat  dimgM 
is  derived  almost  <!ScliiJ'iv«ly  from  olB^rvntioD*  on  the 
ora  of  mammtferoUB  aoimals,  (lepecially  the  bitch  and 
rabbit :  but  it  may  bo  lufurrtKl  lliat  atialiigoun  cbimgM 
ensue  in  Iho  biiman  ovum. 

BiKh<ifF  dutrribea  the  yelk  of  an  ovarian  ovum  after 
coitus  as  being  nntrhangnd  in  itn  i:haructvni,  witli  tbo  niii^lo 
exoeptiAn  of  being  fuller  and  more  dense;  it  ia  eiill 
gratnilar,  on  bc'furii,  and  does  not  jioHMeaa  any  of  tlm  colU 
KubacqueDtly  found  in  it.  Tho  gnrminul  vomi^Io  always 
dtHppwirx,  Kwnelimea  before  tlie  ovum  lenves  ihe  ovaty, 
at  oAer  times  not  until  it  hu.-i  entered  the  FuUojiiiui  tube ; 
but  always  before  the  commnnciwont  of  tlio  metamorphosis 
of  tho  yctk. 

Aa  the  ovum  approiu'lica  the  middlo  of  tho  I'allopiaD 
tnbo,  it  begins  to  receive  a  new  investmont,  consisting  of 
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K  In;«r  of  tnui»])«rei)t  olbumtiKitu  or  gliitiaoas  snbuaace, 

which  fonns  apoD  th«  «xtoiior  of  the  moa  iwlluciiliu    It 

U  at  Urttt  ex(«bditiglj  fine,   nod,  owiog    to    this,  aaA 

J-,.,  j,(t  to  its  tmi^«rau7,  is  oot  eaoQjr 

ivoognizeil :  but  at  tho  loww  pni 

of  tbn  Fnllopion  tube  it 

I  onfeidenble  ihidmaM. 


About  this  time,  that  It  is  U> 
'luriug  iU  {lUMage  thnragb  thsFi 
lopiau  tube,  a  T«t7  femarkaHt 
clwn^  takes  plara  in  tin  iniertor 
of  iho  ovum.  11i«  whole  yvtk  be- 
comes constricted  in  the  miildK 
and  surrounded  bj  a  funrow-,  vhi 
itrodtuiU}-  dovponing,  at  lengUi 
tli«  jreUc  in  half,  white  the 
procees  b^jn*  alniont  imtncdi. 
in  nuh  half  of  tlie  yelk,  and  cob 
ii  aUo  in  two.  "tho  aamo  procMi 
if  n?pc«t«l  iu  nach  of  the  qturten, 
and  BO  oo,  until  at  last  Ity  otHitiuunl 
deavin^  tlie  whole  j«U:  is  okaiis«d 
into  n  mulbcnj-liko  mass  of  auall 
and  mora  or  less  rounded  bodiMi 
wmetiiuMcalled  "  vit«Jlinaaphan^" 
tlie  nlidle  still  endoaBd  by  the  «PM 
jH-UuciAa  or  vilrllint  iR«m&n»u  (fi^ 
215}.  Koch  of  thew  little  epbenUes  oontaiua  a  transps 
vtmch,  lilce  an  oil-globule,  which  is  wmui  with  difEc^^ 
oa  account  of  ite  li«ing  enrcloped  hy  the  ;elk-g 
which  adhere  closely  to  its  surfaoe. 

The  cauae  of  this  singular  subdivision  of  Um  jslk  is 
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quite  obscnie :  thoufch  the  immediate  ogoiit  in  its  {iroduc- 
tioD  ancmt  to  be  tlio  central  Tesiclo  contained  in  Mch 
divincKn  of  the  yellt.  OrigiiuU;  tbera  was  probab]}-  bat 
coe  reside,  situated  in  the  ocDtr«  of  the  euttro  g^aiiuhif 
BOM  of  tlio  yolk,  luid  probably  dorirod  from  tho  gormioal 
vesiole.  This,  by  some  process  of  mullipUculiuu,  divides 
and  uibdividea :  then  eiuh  diriiioii  iind  mittdiviHion  nttrnc-bi 
nrou&d  itwOf,  as  a  centre,  a  corlftin  portion  of  the  eub- 
atsnoe  of  the  yelk. 

About  the  tiinu  iit  which  tho  inmntniforouB  ovum  touchy 
iho  uterus,  tho  process  of  divi^on  and  subdirision  of  thu 
yelk  appears  to  have  wuhmI,  it*  mbetanc*  baring  been 
nwolrod  into  its  ultimate  and  smallest  divisions,  white  its 
surCsc«  prosentd  a  uuifurm  tlituly-gTaiiuIar  asp«i4,  iii«t<--)id 
of  itH  lato  mulberry-like  appearance.  Tho  ovum,  indeed, 
•{ipears  at  first  sight  to  have  lost  all  trace  of  thu  clearing 

^p^Ocw,  and,  with  tlie  exception  »f  being  paler  and  moro 
translucent,  almost  exactly  resembles  the  ovarian  ovum, 
iJS  jaUc  Motisting  apparently  of  a  confused  mass  of  liiiGly 
gramlar  eubstauce.  llut  on  a  more  careful  «xamina- 
tioo,  it  is  found  that  these  granules  are  aggregated  into 
numeroiiA  minute  Kjitiericnl  masdea,  eiu^  of  irhirh  contains 
a  dear  vesicle  in  its  centre,  but  is  not,  at  this  period, 
provide  with  an  eu\-eIoping  membruao,  and  potMMoa 
nODA  of  the  other  characters  of  a  cell.  The  Koua  pelliicids, 
nod  the  layer  of  albuminous  matter  surruuiiding  it,  havu 
at  this  time  the  same  character  as  when  at  the  lower  port 
of  the  Fallopian  tube. 

The  time  occupied  in  the  paseago  of  the  ovum,  from  the 
to  the  uterus,  occupies  probably  eight  or  ten  days 
&a  humim  fcmalu. 

Shortly  after  tht*.  important  changes  onsuo.     Each  of 

tlic   sevinil  globular    segments   of  the  yolk  becomes  sur- 

tounded  by  n  membrane,  and  is  tliux  cuuverted  into  a  cdl, 

nucleus  of  whieh  ts  formed  by  the  central  vewcle,  the 

conteuta  by  the  grnnular  matter  origiuoUy  couiponiig  tho 
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globula:  tfa«M  f^mtolea  OMiall;  arran^  Ifaemselves  com* 
oenlrindlf  around  Ui«  ntideua.  ^Mlen  Ibe  pcTi]>faeniI  oeUx. 
which  are  formeil  &nn,  nro  fully  dcroloped,  Ibvj  tanngt 
thcniMlTea  at  the  surface  of  the  jtilk  into  a  kind  of  mem* 
brane,  and  at  iho  «amo  time  amome  a  pontugutal  or 
hexagonal  shapo  tram  mutual  procure,  bo  aa  to  tvseoibfc 
paTomeot-^theliiun.  Aa  tlio  glohulur  mnaaoa  of  the 
intorior  are  gradually  conrnrtt^d  into  i-dlit,  thtj  alao  pa« 
to  the  surface  and  aocuraulnle  there,  thua  incnwfflng  die 
thiduiMt*  of  the  mmnbrane  already  foitaed  by  the  aym 
supcT^dal  laynr  of  ceJls,  wliilo  tlin  neutral  part  of  the  yolk 
renaina  filled  ooly  with  a  cl«ar  fluid.  By  this  means  the 
yelk  la  ahortly  oouroTted  into  a  kind  of  aeoondaiy  naicltk 
&»  walls  of  which  are  oompoaed  extonially  of  the  origual 
TiteUine  mombnin^  and  witlun  by  the  newly  fbnaed 
cellular  layer,  the  Uattodemie  or  ^rnntM^  membrane^  aait 
is  callod.  Wry  soon,  hovevar,  the  latter,  by  the  dtfrakip- 
nwnt  of  new  oella,  iucreoaea  in  thickneea,  and  qttita  talo 
tiro  layers,  so  ttint  now  the  oruio  has  thrm  coats.  Tba 
vit«IIiiie  m«mbrtuie  oa  the  outaide,  and,  within  tbia,  the 
outer  and  tlie  inner  layeia  of  the  hhuilodermic  mtnuhnnaL 

Of  tho  tnsl-namod  layrrs,  tho  superior  or  outer,  winch 
lies  next  to  the  znna  pdlucida  or  vitelline  meubiane,  i* 
called  the  trruu*  luynr ;  from  it  am  dorclopcd  tho  oigaai 
of  the  animal  system  of  the  body,  e.ff.,  the  bonee,  muaelea, 
and  integuments.  The  inferior  or  inutr  layer,  in  contatt 
vith  tlio  ynlk  itself,  is  named  ttw  mueoia  layer,  and 
•ervDS  for  the  formatioD  of  the  internal  or  risoeral  eya 
of  organs. 


Chan^fi  of  ih«  Orum  tri'lAin  tlit  Vierm. 


Very  soon   after  its  formutioii,  and  dirinon   into 
layers,  tJiu  blastodermic  vesicJe  or  mombrano  presents^ 
one  point  on  ils  surlaoe  an  opaque  roundish  spot,  wluiA 
produced  by  an  oocumulatioQ  of  o^  and  nuclei  of  cell), 
of  leda  tracwporenry   than  olsuwhcre.      This  spiscc,   the 
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tlTft'"  or  gtinuuiU  uron,  i>  thn  part  at  wliich 

At  firvt  the  area  gerDUDativa  baa  a  rounded  fonn,  bul 
it  sootL  loses  tliia  and  bLt-omrs  r  >  ;i'<  * 

oral,  tliou  [Kiiir-shaped,  and 
vhile  (ilia  changR  in  fumi  is 
laluug  place,  tti«re  gradually 
■l^wnra  ia  its  ceiitru  a  vlcav 
Bpnoe  or  atra  peiluci4a  [Hg. 
2l6),  bounded  externally  by 
a  mora  opaque  circle,  t)i<r 
obecurity  being  dun  to  tho 
gmator  aaiimulatioa  of  nu- 
cleated cells  and  nuclei  at 
that  jtart  tlion  in  ttio  areit  pollur.idii. 

Tito  first  trace  of  the  embn,-o  in  the  cenliv  of  the  uron 
pellucida  consists  of  a  eliullow  groove  or  channel,  the 
primilirv  groova  (Gg,  2l6j,  fDrmfil  of  tlia  external  or 
Mrous  fold  of  the  germinal  membrane,  tho  groove  being 
vider  at  its  anterior  or  (Ophidic  extremity,  and  tapoting 
towarda  the  opito^ito  extreiuitj-. 

Coincidenlly  nith  the  formation  of  the  primilire  groove, 
tiro  oval  iriasses  of  cnlU,  tiio  laminie  donaU*,  appear,  ona 
oo  CAch  ride  of  tlie  groove.  At  first  warmly  elerated  above 
the  plane  of  the  gerniloat  membrftoe,  they  soon  rise  into 
tiro  proniiiiont  niaMi^,  the  uppor  borders  of  vhich  gradually 
tend  towards  each  other,  turning  inwordji  over  tho  primi- 
tive groove.  The  parta  from  opposite  sides  then  unito, 
and  convert  tlie  primitiro  groovu  into  a  tube,  large  and 
rounded  in  front,  narrow  and  lancet-shaped  beliind.  which 
is  the  central  canal  of  the  cerebro-spinal  axis,  and  contains 
tlw  rudiuicntal  vpinnl  mril  and  brain,  whtdi  are  do^iolopod 
in  its  iuteiior  (fig.  2 17}. 

*  Fig.  3I&.  (Aftft  UiJtun.)  Iniiir«iciut«i1  W!&  vith  coDinitainmeot 
of  famitiou  of  emlirjro  1  ihuwhig  Ilia  ana  K^ririiualim  ur  eiubryaale 
■pot,  tba  ana  pellucid*,  >nd  tbo  primitive  groavc  or  lnc«. 
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ItnmodiatiJy  bctunlh,  nnil  tn 
psimitire  groove,  may  b«  Been, 
niuTOiir  lioMT  moBR  of  eeU*,  tl 
fonna  the  buu  aioand  wkich  ti 
an  derelopcd.     Th«  developmeu 

fit-  »i7 ' 


rndiceted  by  the  appearaoce  of 
diatiBct,  |>UteH,  the  rudiments  | 
wliM'h  Ix^Q  to  niipoar  at  ubout  t 


•  FSk.  117.  Porlion  of  tho  prnniim 
tlie  embTTO ;  from  llin  amm  of  a  bltcli- 
jret  tloiwJ,  abil  at  it»  upper  or  ppplnlie 
1^  wliicli  r(itT<'«ponil  to  tlii>  thn-*  liiviiio 
it»  lovft  piitrrniity  tL»  proovit  pittMmt*  ( 
Hiomlioiilnllt)  0.  Tli«  mai^iuK  of  ih*  1 
ntn-c-nubataiicd.  Along  tbc  bottom  tt 
•trwJe,  whkh  U  prubabt}-  Iho  chonla  ( 
After  BlMhoff. 
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Whilfl  the  dorsal  Ifttninic  aro  (-loBing  over  Ui«  primitive 
grooTo,    tliickened  prolong:a-  _.       g^, 

tiona  of  ttie  some  tfrom  Uyer 
are  given  ofF  from  tlie  lover 
nuirgin  of  each  of  them,  and 
are  named  lamina  viueraU* 
$nt  T4ntmlet.  These  Tisceml 
lamiiuD  hy  <lt^gnx»  bend 
downwards  and  inwards,  nud 
at  length,  eu(^l(iiting  u  jiart  of 
the  xolk,  unite  nnd  form  the 
anterior  walla  of  the  trunk — 
oBclonng  Iho  nbdomiuul  cnvity  below,  aa  the  dorsal  plates 
enolose  the  cerebro-spinal  canal  above. 

Vmbilicnt  VetifU. 

Till  vrntral  lamtniif,  an  tht-y  cxtmid  downwards  and  in- 
wards, at  first  procwd  on  tho  wune  plane  with  the  inner 
layer  of  the  germinal  menihrane,  whlth  iinmotliotctly  lines 
them.  ScKjn,  howovcr,  th«j-  sliow  a  tCTidency  to  turn  in- 
warda,  so  ns  lo  constrict  the  yelk,  and  endowi  only  a  port 
of  it :  and  toon  unprwarcls  the  yi'Ik  nnd  tho  inner  layer  of 
tho  germinal  nieoibrane  that  I'ontuios  it,  are  separated  int» 
two  portions,  one  of  which  is  retained  within  tlin  boily  of 
the  embryo,  whilo  the  other  reniuina  ontside,  and  reieives 
llie  namo  of  the  umbilical  reiticU  (c.  fig.  219).  Tlie  ciivitj  of 
the  InttM"  communieatea  for  soma  time  with  that  of  tho 
abdomen,  through  whnt  is  called  the  umbilicus,  by  nieaQt- 
of  a  gradually  narrowing  canal,  L-alled  the  viuUina  diurt;  th« 
interior  of  tho  ulidomcii  and  tluit  of  tho  umbilical  Teatdo 
being  lined  by  a  continuous  layer  of  tho  inner  ulnitum,  or 
mticou*  laj-er  of  the  gemiinal  membrane;  while  aroimd 
both  of  them  is  a  L-inttiiiiiution  of  tlio  outer,  or  itrotu  Uy«r 

*  Fig,  iiS.  Dlagntm  diowing  voMular  araa  in  llis  «hlck.  11,  Ana 
pvlluckU.     b,  Aiea  vucuIdm.    6.  Area  TJtcLliiui. 
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(fig.  219).     From  that  portion  af  the  miuioua  Uyer  < 
is  now  enctoeed  vithin  the  bodj  of  tha  embiTo,  the 
tinal  canal  is  dereloped. 

Fij.  ai9". 

<1, 


*<=N> 


Tliiis,  by  t^o  constriction  vhlch  ihe  fold  of 
tnetubrano,  in  u-tiicU  tlia  aMomiual  walU  ara  Conned,  pro- 
iluces  at  iha  uiiibilicus,  tike  hody  <if  tha  ombrjo  twcoaus 


*  fig.  IiQl  l>iii)j^iiiTi»tii:  Bcctian  sliowiiig  th«  ivUtion  in 
aiul  in  man  between  thu  p«imitiTe  alinnnUty  cuul  aod  the  siMnbnns 
<■■'  Ihc  oTum.     Tli«  itaRo  npratcntcil  in  Ibii  diagram  camMpond*  to 
that  of  the  fifteenth  or  Kivriiti>rntb  daf  tn  th*  hnntu  Mnlirro^  |irtvioiti 
to  Uie  sxiUHnion  of  iho  uttniiloiii :  c,  tha  vlllon*  cJioKou ;  a,  lh(>unn. 
n*,  t)l(^  plrtm  of  coiiivrxniK'v  ut  tlin  amniun  and  reOi-'ctjoD  of  the 
nmiiitin  a'  a",  or  outer  or  vomoouE  lajw  ;  e,  tho  hnd  and  txnak  rf 
viiibryo,  rai II prising  1  ho  jirttnitiTD  Tortcbm  and  ««Ert3ir«-i{nrial  uii ;  ^ 
tha»inipl>aliuifntiiT7aaiiaIuiitjia[i[>crantI  lower  portlona;  r,  Um; 
MO  OT  nnilil]iciil  renclc  :  r  f,  tha  vi(<1lo-int«illnkI  opvning ;  ih 
alUntoEB  conn«ct«d  bj  a  pnUcIo  with  th«  initl  [•onhis  of  the  aliulUII 
oMinL 
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measure  detaelied  |frora  the  yelk  sac  or  umbilical 
iTSaEele,  though  tho  tavity  of  the  ruiitmnnbuy  iiiteatine 
'  Rtill  oommuuicates  with  it  through  the  ^-itdllinc  or  omphiUo- 
m^senteric  duct,  aitd  ootttaiDS  part  of  the  yelk  subetaacd 
irith  which  th*  toiucIm  voa  filled.  Tho  irelk-wu.'  MiiittuDH, 
Itowerer,  the  groater  put  of  tho  euhstaiiro  of  tin;  yelk, 
and  funushos  b  muh'o  whcucu  nutriment  im  dcnritd  for 
the  embryo.  Id  birds,  the  contents  of  the  jelk-sac  aflord 
noiimlimctit  until  the  eud  of  iQcubatioii :  but  in  Mam- 
nialin,  tho  office  of  tho  corrocponding  nmbiliciil  riMiii^lo 
tone*  at  a  very  early  period,  the  quaatiiy  of  yelk  is  small, 
and  tlio  embryo  souu  bt-comes  indejtoudent  uf  it  by  the 
oonnectioDs  it  forms  with  the  parant.  Moreover,  io  birds, 
a«  the  Boc  is  emptied,  it  i<i  gradually  drawn  into  the  abdo- 
men throug'h  the  umbilical  opeimtg,  wltich  thoii  cloaea  over 
fU:  but  in  Mammalia  it  always  remains  on  the  outVJde ; 
nadasitiK  emptied  it  coutratts  \Jig.  22D\  Fia.  znx* 

•hriTeU  up,  and  togwther  witli  tho  part  of 
its  duct  external  to  the  abdomen,  is  de- 
tached and  di.iiippours  either  befure,  or 
at  the  tenninntioa  of  ititra-uterine  life, 
|[<(9riodof  ita  disappearauoe  varying  in 

;  Ordoni  of  Mnmmnlia. 
When  blood-vessels  begin  to  be  de- 
Tel«|>ed,  tliey  ramify  lurj^ely  over  the 
wall*  of  tho  umbilicid  vumcIo,  and  aro  actively  MJiuiiui^d 
in  abeorbing  its  contents  and  conveying  thom  away  for  the 
nulriliou  of  the  embryo. 


The  Amnion  mid  Allantois. 

At  an  early  stage  of  developroont  of  the  fiehu,  and  some 
lime  before  the  coiji[)lutiou  of  the  changes  whicll  have  been 
I  jiirt  described,  two  important  structurea,  coUod  rmtpoctively 


'  Flj^  310.     Hiiiijsu  tiutiryu  It  ith  UDtUlluol  T««icU  ;  about  th«  fiftk 
w<«k  iatltT  DalWd). 
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the  amnion  and  tbe  allantoit,  begii 
iiion  being  develoiied  by  the  extern 
tb.e  internal  layer  of  the  blastodem 
The  amnioi 
lowing  raanni 
of  the  blastodi 
up  in  the  foi 
body  of  the  ei 
appears  as  if 
presaion,  with 
uiembrane  ra 
the    appearance 


section, 


it.     On 

lig.  22 i. 

Soon  the  edges  of  tlie  fold  ri 
above  and  around  the  embryo,  k 
double  layer  of  membrane  at  theii 
abeorhed,  the  two  laytrs  of  which 
made  up  are  separated  from  each  oi 
inner  of  the  two  forma  the  amnion, 
with  the  integument  uf  the  fcetua 
the  outer  layer,  receding  farther  i 
forms  one  with  the  inner  surface 
membrane,  which  in  the  moantimi 
alterations  to  be  immediately  desci 

As  the  term  of  pregnancy  advai 
more  an'!  more  separated  from  the 
considerable  qiiautity  of  tiuid,  tlie 

During  the  process  of  develop 
aUaiilvts  (c,  fig.  332)  begins  to  bt 
from,  or  near  the  hinder  portion  oi 
which  it  communicates,  it  ia  at  fir 
cells;  but  becoming  vesicular  and  v 
nous  and  vascular,  it  insinuates  iti 
folds,    just    described,  and  cornea 

Fig.  211.      Diap-am  of   fecumlutcd 
bilkal  ttaide  -,  I,  ammolic  cavity  ;  c,  all 
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nnion  with  th«  oat«r  of  tlio  tvro  folds,  whltJi  lia>  Hatlt,  aa 
before  etd4,  become  one  with  the  external  inveeting  mem- 
Ifiauo  cif  the  egg.  A*  it  grown,  the 
ailnatois  becomes  exceedingly  tbscu- 
lar,  and  in  hlrda  (fig.  222),  envelupes 

^_tha  whole  «mbryo — toJtiug  up  vwsels, 

^uo  to  epeok.  to  the  outer  inTestiDt;; 

^BtebmiA  of  the  egg.  aud  lining  the 

^QB^  surfbcfl  of  the  shell  with  a  vas- 
oulor  meinhrane;  hy  theae  meaua  afford- 
iog  an  extoiiur»  surface  in  which  the 
blood  may  be  aerated.  In  the  human  subject  and  in 
other  Diiimntalia,  Ui«  Tosaek  corned  out  tij  the  allnnlois 
are  di«tribiited  only  to  a  Kperial  part  of  the  Outer  raembrftBe, 
at  which  a  strutlure  tallud  tht;  plaetnta  is  d«v*loped. 

B     In  Mammalia,  as  the  visceral  lamiosB  close  in  the  abdo- 

"  ninal  cavity,  the  allant«ia  ia  thereby  divided  at  tlio  umbi- 
licua  into  two  portiouK ;  the  uutor  part,  oxltmitiiig  from  thu 
umbilicuH  to  tlui  cAorimi  (p.  751],  soon  Bhriralling ;  while 
tha  inner  part,  remaining  in  th«  abdomen,  is  in  part  «an- 

>     Terted  into  tlie  urinary  bladder ;  the  portloD  of  the  inner 

H|nrt  not  eo  converted,  extending  from  the  blodilra  to  the 
ombtlicna,  under  the  name  of  the  urachm.  .Viler  birth  the 
nmlHllcal  cord,  and  with  it  the  external  aud  sliriitilled  jior- 
tkm  of  the  allantols,  are  cast  off  at  the  umbihcus,  wliile  tlii.' 
VTOthns  remain*  a«  an  impervious  cord  stretched  from  the 
top  of  the  urinarj-  bladder  to  the  uinbiltr^is,  in  the  middle 
lino  of  the  body,  immediately  I>enenth  the  parietal  lay(T  of 
the  peritoneum.  It  is  sometimes  enumerated  among  thu 
ligaments  of  the  bladder. 

*  Fig.  111.  FccunJatuil  egg  wltli  bIUiiULi  ntiarlr  cnmpleta.  a, 
lansr  1«y<>r  at  i.inBtotic  (nU!  ;  b,  outw  )>]iur  uf  dlltv ;  c,  point  whtn 
tlis  amolotif  M'U  romn  lu  ctitiUi^t.  Th«  allsDloia  it  hvu  frauutradgg 
betvMn  tiM  outvr  and  iuDer  Infers  of  tlio  auiuiotiu  folds.  Thii  lig;unk 
whicli  rqinitiits  outjr  the  aiuuiutii^  folda  and  tlio  pnrU  within  them, 
jbould  be  wmikiitcd  >riih  ligi.  jij,  3Z4,  in  which  will  tw  found  iho 
stractom  cxicriul  to  thvw  fulJa. 
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It  mutt  not  be  aopposfd  thnt  the  phenomAiut  wlikh  1 
bem  oiitftwiTrlj-  d«MTibed,  occar  in  anj  ragulnr  order  i 
after  anoUier.     On  iIm  cnntrary,  liie  davetopmeut  i 
part  is  genag  tax  stdo  b;  side  vith  that  of  wxrth«r. 


Ventopm^Ht  <tj  tJtooH-rtutlt. 
At  nn  flftrljr  period  of  deTelopm^nt,  snd  during  tlic  liianf^iM 
jiHt  deecnbed,  an  accumul&tion  of  aJIs  onsum  betwsoa  tiw 
tDueons  and  sorovs  Inmiiim  at  n  pnrt  of  the  g«niuiial  nem- 
brsne  Dsmed  the  ar^  iuucu^om  (b,  6g.  2l8).  WitMu  tUs 
mass,  which  oonstitutes  a  third  or  middle  Inyor  of  tha  I4iwla- 
dermic  minnliniiie,  iv  laid  tho  fQumlation  for  tha  develop- 
luont  of  the  rax^ar  sj^tom.  At  the  cinrumferenoe  of  the 
vascular  area,  iuAidat^d  red  spots  mid  lines  make  their 
appearance,  and  thnso  soon  unito.  so  as  to  form  a  netwotk 
of  vessels  filled  witb  blood.  The  margin  of  the  tssl-uIat 
luj'or  is  at  fint  limited  and  <iuite  circular.  Wing  boundnl 
by  vitSM^U  unitt'il  in  a  circulm  nnosus,  or  *i»»*  itrmiiMlit, 


1 


*  Fign.  113  and  114  (dtrr  ToiU  »iid  B«>tn»nt.  a,  ckwian 
villi.  The  villi  nrt  iili<i*ii  t«  be  litet  dcriloiml  in  the  part  ot 
ohuriou  to  iriiidi  tliB  allBiiloiU  i>  mUndint; ;  (bii  patiiion  nllinttrl} 
bwomM  tbc  pliLcenEo.  i,  space  bctwoca  the  two  Uyns  of  tha  ■mnian, 
<^  anmiotic  uviijr.  d,  niuotion  oTihc  iniuiinD,  iilioirinjiit*«onticxi«n 
irith  thn  vmbittcol  vutde.  e,  umliillcol  rcaida.  /,  ritnatioa  of 
undvciwU.    9.  lUattVna. 
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,  it  eooD  oxtcii'la  over  tlio  wliolo  xuriitco  of  the  gmoiaal 
ibrtme. 

At  alxiut  tho  Muno  timu,  tlio  ruilimnntarj  lioart  i*  formoi) 
in  tJi«  sumo  lajer  of  the  gerrniniil  mpmbrarie.  As  efaowu 
1^  Sohvami,  tlie  Mood- vessels  ore  deT«loped  origiitaUy 
froni  oucli^iibKl  <cll«.  Thwo  c^Ih  •wid  out  pmodW**;  tlw 
piocemes  from  dilFoTcnt  colls  uuiM;  and  in  this  way  rami- 
fioatlona  and  a  luttwork  are  produeiHl — riissctiA  nxtciuling 
from  thifl  network  in  tU»  amvi  raw-ulosa  into  the  ateu 
pellucidu.,  and  joining  the  rudiraenlary  livurt  (aco  p.  765). 

EThe  Chorion. 
luis  heea  already  remurked  that  tho  ntlanMii  it  a 
tare  which  cxtnndn  from  tito  l)ody  of  the  fa>tu3  to  the 
-  inveating  membrane  of  tho  ovum,  that  it  iiuiinuuttw 
itMilf  bctn'enn  tho  two  layers  of  the  amniotic  fold,  nod 
becomes  Aued  with  tho  oiit^rr  luyiir,  which  has  itself 
beooma  prenously  fused  with  tlio  ritelUne  membrane. 
Itr  tlioM  moans  the  externa]  inveellng  meinbrano  of  tho 
ovtUD,  or  tho  elinri/in,  aa  it  is 
now  called,  reprr»>.'nts  three 
lay«rs,  namely,  the  original  vi- 
t«llinc  BMtmbraiie,  tin-  outiT 
layer  of  the  amniotic  fuld,  and 
tho  idhuituis. 

Very  soon  after  tho  onlrnnoe  of 
tho  o^iim  into  the  uterus,  in  the 
human  mbjnct,  the  Outer  aurfuco 
of  the  chorion  is  found  linw't  w!th 
finoproccMCs,  tli«  so-callml  villi  0/ 
lA«cfi/imn(a.fig".223,224},whiL'h 
give  it  a  rough  and  shaggy  Rp< 

I>earan<:e.  At  firat  only  cellular  in  8truct«re,  tliiwe  littl« 
(WtgrO'vrths  subsequently  bucome  vascular  by  tho  devdop- 
mentinthem  of  loop!:  of  cnpiUaiim  (fig.  225);  and  the  latter 
at  length  form  the  minute  extremities  of  the  blood -vc-wels 
wludt  ar«^  so  to  sponic,  conducted  from  the  foitua  to  tha 
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diorioD  hy  tho  dllimtois.  The  txuKliaa  of  the  lilU  of 
iUa  chorion  is  ovidentl^  tho  (il>«orpUon  of  nulriont  matter 
for  the  foatus;  and  ilua  is  probably  supplied  to  thaa 
111  first  from  tho  fluid  mutliir  WKtrotcd  hy  tlio  follicxdar 
gjjuiid«  of  th«  utenu,  in  which  they  are  soaked.  Soon, 
bovnrer,  the  finlol  tomqIs  of  Uic  villi  oome  into  more 
intimate  nlAtaon  with  tho  tmsoIs  of  tho  uterus.  Ths  part 
at  which  this  relation  between  th«  veeseU  of  the  fistoa  and 
those  of  the  purent  ODHuea,  is  not,  howerer,  over  the  whole 
Boifiuo  of  the  diorion ;  for,  lUtltixigh  all  tho  villi  becomd 
vascular,  ]r«t  they  become  indistinct  or  disappear  except  at 
one  part  where  tlicy  am  greatly  developed,  and  by  thuir 
branching  g^ve  rise,  with  the  veoseU  of  the  utenu,  to  the 
fijnnatioo  of  tho  placoilit.  ^M 

To  understand  the  manner  in  which  the  fittal  ioP 
in<ib>rn<ii  blood-veesclfl  come  into  ndation  with  each  other 
in  tlio  |)lncentn,  it  is  neoeesaiy  briefly  to  notioo  the  changes 
wliich  the  uterus  undergoes  after  impregnatioo.  These 
diangea  (>oiifti*t  uiipecially  of  ulterutlons  in  structara  of  tlia 
eupco^cial  part  of  the  mucous  membrane  which  lines  the 
inlerior  of  the  titvnu,  and  wliich  fiirmn,  ntUtr  a  kind  . 
dorelopmcnt  to  bo  immediately  described,  the  mmibr 
dteidua,  so  called  on  acLtxint  of  ite  being  discharged 
the  uterus  at  tho  period  of  paiturition, 

Changv  of  the  Mia>ou»  Hembrane  oftlw  Uurvt,  aiuf  Fir, 
nftht  Plaeenia. 

The  mucous  membrane  of  the  human  uterus  ia  abun- 
dantly beset  witli  tubular  CDllidea,  arranged  peipOB- 
dictilrirly  lo  tho  surface,  lliese  follicles  at«  veny  snudl  in 
the  uuimpreguatcd  uterus;  but  when  examined  iJiortly 
aiW  impregnation,  they  are  found  elongated,  enlarge^ 
and  much  waved  and  coulortod  towards  theJr  deep  and 
dosed  extremity,  wliich  is  implanted  ut  soino  dnpth  in  the 
tissue  of  the  ntorus,  and  commonly  dilates  into  two 
thioe  do«ed.  saoc\x\i  <^%.  326). 


THE  GLANDS  OP  THE  UTEOnS. 


753 


Aooordin);  to  Dr.  SUaipej*,  the  gUnd«  of  tho  mucoua 
membrani.'  uf  tlie  liilck's  uUrus  (aud  according  to  U. 
MiilUir,  th&t  of  th«  humAn  female  also)  are  of  two  kiiiils, 
fi./.  226.' 


Rin[ile  anil  iiini]ioi]nd.  Tho  former,  whi«h  are  tJut  more 
numeroiM,  nro  nwrrply  Tory  uliort  iiiibrnnohcd  tuWs  dosod 
atone  end  (fig.  227,','),  the  latter  (*/)  hnra  a  long  duct 
dividing;  into  innvulutod  liruiidica  ;  both  open  oa  the  itiuer 
surfikcc  of  tho  tnombrane  by  rnnidl  rouud  urilluus,  lined 
witfa  e]fit]ii-Uum  aud  »et  closely  together. 
I    Oa  thfl  int«raitl  euriVica  '^  "7  + 

of  the  muootu  membrane 
may  be  aeen  the  cin^ulur 
orifiocs  of  tho  glaniln, 
in»ny  of  which  are,  in  the 
eiirly  i>eriod  of  pri-gnniwy, 
stirronndod  hy  a  wliitish 
ring,  formed  of  the  ei'i- 
thidium  nliic.b  lines  the 
JbUicles  (fig.  228). 

Coininileiitly  with  the  increasing  size  of  the  follicles,  th« 
quantity  of  thoir  secretion  is  augiueut^-d,  tliu  vnMclg  of 

*  Fig.  236,  Sdolinn  of  the  ILalDgtnembnUBOf  abinnin  iitini*  «I  tho 
finled  of  cominpnciiig  prpgiiniiujr,  ihowing  iha  amngiMiicDt  and  atlMr 
pSPuUsritiM of  tlie  glandii,  J,  d,  d,  ntjth  tlirir oriiit^n,  a,a,a,aa  Uis 
iateroal  siirfuc  of  tha  orgiui.     IVice  the  aatund  uic 

"T  Fig.  327.  A  TETtical  ■MTtion  of  ihn  miicaua  iucinlinn(\  tiLoiting 
ntwina  gtuiili  of  the  Utcb,  inaf[nlliri!  twelve  iLuunatvri ;  1,  1,  nmpb 
gUad<  i  1,  a,  GoiDpouud  ditto  tfruui  Sharpy). 

4c 
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the  mucoas  membrans  iMioome  lar;;!^  and  more  avmt 

vhilo  It  Kulwtance  wmpoved  clwAy  n(  nudoatoi 

up  the  iatfiHullictilttr  ipwcs  in  which  the  blood-TMM^  n 

/V-  u^*  coataiDed.      Th«  cfiiNt  oi 

them    cbougiM  U  an   ia 

creased  tfaicknrM,  •ufinen 

uid  raacuUrity  of  tbo  aui 

roui  iDemlinuie,  the  super 

Ikial  part  of  vhkb  itid 

&ma»     the    mcHtftnnid  ifa 

The   object   of  this  it 

crcji*  d  deTdo|>iaeiit  acMi 

10   be  the    prodncUiaa  c 

nuthtii-e  nmteriaU  for  tli 

ovam ;  fbr  the  amty  of  tbo  ut^rrus  sliortly  bwonies  fille 

with  accrotol  Hnid,  consisting  almost  eotirelj  of  micilMlei 

cell;i,  in  which  the  vitU  of  the  chorion  are  embedded. 

When  tin:  onim  firat  cntere  the  utonu  it  beeomea  !■ 
beddvd  in  the  structure  of  the  deoidua,  which  is  jvt  ijoit 
»ofV,  and  in  wtiich  aoon  aftarwarda  three  portioaa  are  dit 
tingtuHhalilL-.  'fhoee  have  been  named  the  decidua  ma,  tb 
doddiiii  tfJlMa,  and  the  deddua  terotina.  The  first  of  tboM 
tbo  deciiltia  n-ra,  liuiti  the  ciirity  of  tlie  uterus ;  the  seoond 
or  deeiiluit  trfiria,  i»  a  part  of  tho  dwidua  Tcra,  vhid 
Hrroni  lip  around  the  ovum,  and,  wrapping  it  closely,  formi 
ita  iamediate  invufttmeuL  The  tliird,  or  decidua  MtMHW 
ia  the  part  of  t}io  decidoa  vera  nhich  bocomca  eapecJali^ 
itervlopvd  in  connectioD  with  those  villi  of  the  thorimi 
which,  ineic<ad  of  diaapiieariug',  remain  to  ibnn  the 
part  of  the  jilartBta. 


4 


*  He-  i>8.  Two  tUn  wipaMiO  of  hamaa  doeidns  afl«r  i«c«M  )■> 
pNgnation,  firwoj  on  a  dark  grounil  :  tliij  tham  the  i^itviaici  M  Hh 
mtttet  or  Uin  iminilintna.  a  u  magnified  di  dlsaMtan,  and  B  twntn 
iluuMlcn.  At  I ,  llw  Itning  of  rjiitlielim  li  *Ma  N^tUa  tlu  < 
3  it  bu  i:9«*\i<4  \jMnii  ^bK^'1 . 
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As  the  ovum  increasos  in  size,  the  decidua  vers  and  the 
decidiut  n.'flvxa  fijiuluitlly  (^»mo  into  contact,  ^^^ai  iii  llio 
third  nonth  of  pregnancy  the  cavity  t>olir«en  them  bos  quite 
disappeared.  Henceforth  it  in  viu-y  dillitmlt,  or  «vea  inpot- 
eiMe,  to  dixtinpiish  tlio  two  Inycni, 

During  these  chan)>e8  the  deeper  part  of  the  ntucousi 
membrane  of  tti«  uttfru*,  ut  and  uoht  tbd  ronton  wluiro  the 
plncvnla  in  placed,  bcromcs  hollon-od  out  hy  Mnusos,  or 
caremoua  njiatya.  nhkh  i»mmunicate  on  the  one  hand 
with  artcr!<t«  and  on  tbo  othur  with  voiiis  of  th«  ut«;nis. 
Into  thc«e  BinusM  the  villi  of  the  chorion  protrudo,  pushing 
the  thin  wall  of  the  otuuv  before  them,  and  ai>  come  into 
intimate  relation  irith  the  liloml  <-i>utai»(Kl  in  them. 
IliarQtB  no  direct  communication  botwoon  the  blood-VMBets 
«f  tlia  mother  and  ihowt  of  tlio  Gutiin ;  but  the  layer  or 
Isyen  of  mpmhrauo  intervening  bi-twmiii  tlio  blcKid  of  tlw 
one  and  of  the  other  offer  no  obstacle  to  a  free  inter- 
ohSDgfi  of  niuttert  lintwt.'oii  them.  Thus  the  tLIU  of  th« 
ohorioD,  contAining  foetal  blood,  are  bntltod  or  MMlcod  iu 
matomal  blood  contained  in  the  uterine  sinuses.  The 
amuigeroent  may  l>t>  roughly  ooinpared  to  filling  a  glov« 
with  foetal  hlocKl,  and  dipping  it«  6ng«rs  into  a  tmmI  coa- 
tajoiog  nuitemal  blood.  But  in  the  ftntal  rilli  there  is  « 
conatanl  stream  of  blood  intn  and  out  of  tlie  loop  of  cainl- 
lary  Uood>v(weol  contained  in  it,  as  tliere  is  also  intu  and 
out  of  the  maternal  biiiusvs. 

It  would  iMH'm  Erom  the  obscrvationK  of  Profeesor 
Ooodnir,  tliat,  at  the  villi  of  the  placental  tufts,  when  tho 
f'cetal  and  materuat  portions  of  the  placenta  are  brought 
into  done  n-lution  with  muh  other,  lliu  blood  m  tlw  T«n«dii 
of  the  mother  is  separated  from  that  in  the  Tesaela  nf  the 
fcetus  by  the  luterventiun  of  two  distinct  sets  of  nucleated 
eolls  (flg.  229).  One  of  tlip-so  (fi)  botong*  to  tho  maternal 
portion  of  the  placenta,  is  placed  between  the  membrane  of 
the  villus  and  tliut  of  the  vait^iiliir  iij-*tnm  of  the  mother, 
oud  is  probably  designed  to  separate  from  the  blood  of  tho 


7S6 


GENEaATIOK  AKD  DEVELOPMENT. 


Pif.  W?.* 


pU«Dt  ths  RMt^rinlH  ilirotiiuHl  Cjr  the  Uood  of  the 
Um  odior  (/  )  belongs  ta  tho  fotnl  pnrlum  of  the  |i] 
is  utiuted  between  the  membrane  of  the  tiUm  aid 
lite  loop  of  tmmIs  cotttaiiuxl  within,  and  prolNtUf  werm 
for  the  abeorptioQ  of  the  material  Mcretod  by  tho  odMt 
sets  of  oelU,  axA  tat  its  oonnnrance  into  the  blood-Towafa 
of  the  foettu.  Between  iho  twti  wU  of  mUs  with 
Iheir  inveetiag  nemhranv  tluire  esista  a  epaoe  (d), 
into  which  it  in  probnhlo  lluU  ibe 
mnleriAls  aenetvd  bj  the  «ne  set  of 
oelb  of  the  viUiu  an  poued  ii 
order  thai  tbejr  majr  bo  nbeorbed 
hy  the  other  set,  and  thus  eoiiTe]r«d 
into  the  fMal  Towb. 

Not  ooJy,  howerw,  is  thiro  a  p«- 
Raf>«  of  timbiriulM  fhim  the  blood  of 
the  mothar  into  that  of  tli»  fcetua,  bat  there  <»n  b«>  no  dowh* 
of  thrti>xi«teDcf>ofamuliutl  tnt<T(?hange  of  materials  between 
tho  blood  both  of  fff-tus  end  of  parent,  tho  latter  aui^^iq; 
the  former  with  nutriment,  and  in  turn  nlMtrncbng  from  it 
matoialu  which  require  to  l>a  remored.  Dr.  Alexander 
Harvey's  Pxperimenta  were  very  d«cinTo  on  tliia  point 
The  view  hiw  iiUo  rocoired  abuudant  support  of  Uite  from 
Mr.  IlutchinBon's  important  obwrrntionn  on  the  cummnm- 
cation  of  syphilis  from  thu  fulher  to  the  mother,  through 
the  inntruraentulitj  of  the  fmtut;  and  still  more  from 
Mr.  SaTory'g  <rxperim«itsd  r(*ontrhM',  which  prat«  q>MH 
uloiirly  that  the  feiuaJe  parent  may  be  directly  inocnlal^l 
thioogh  the  fivtus.  Ilaviiig  opened  the  abdomen  and 
ntema  of  a  pn^:niuit  hitch,  Mr.  Savory  injcrtJid  a  solntitn 


*  Vt^  23^  Extnmitj  of  a  pTa«BUl  viUiif;  a,  linlnic  diiabttiw 
of  tliB  Tsscolu  ^Ibiu  of  Um  tnoUiiAT :  h,  oJIs  taifnnlut*!^  Uiiisgc: 
<  «l»c«  bat««Mi  lliu  iDBbirDal  and  CeUU  porliaM  of  iJw  villa*;  e, 
uilenisl  nanbiMiii  uf  tbe  villus  crt  cxtemiil  faembnuH!  at  tie  tho 
/.  intmiU  cslU  flC  (hx  riUaa,  or  ctUi  of  tbe  chorion;]),  loop  of  omb 


I 


I 


ttrrrhnia  into  the  abdominal  ctmij  of  one  Kstn*,  and 
inlo  the  tbaracic  carily  of  another,  and  th«D  rephioed  all 
the  part»,  ttTcry  pre<»iitio»  hcin^  taken  to  jirovent  twoape 
of  tfat)  poMon.  In  leu  than  half  nit  hour,  tlw  Utch  dwd 
from  tetooio  spttsins ;  the  foetuaes  operated  on  were  aiao 
found  dead,  whtli>  Hu<  Othoni  wero  alira  and  aetiTe.  Tho 
meuts,  ivpefitfni  on  other  animals  vrith  like  reenlU, 
tn  no  doulit  of  l}i«  ra]>id  and  direct  trauauiiMton  of 
matter  &om  tho  fcDtiis  to  the  inotlier,  throu^  th«  Uood 
of  the  placeota. 

The  ])hii»iita,  therdfure,  of  the  human  subjeot  is  oom- 
JNWed  of  a  /ittal  part  and  a  malenud  part, — the  term, 
pUonniA,  properly  including  all  ttiat  entanglement  of  ftrtnl 
villi  and  luaUimitt  aiuuseji,  by  i»(.*ana  of  which  the  blood 
of  the  &DCua  la  enriched  and  puril]«d  uibv  tint  fiwhiou 
naooaanty  for  the  proper  gronth  and  denrlopmont  of  thoa* 
parts  which  it  is  destined  to  nourish. 

Thi!  whole  of  this  structure  isnol,  a«  might  1>«  imagined, 
thrown  off  immediately  after  birth.  The  greater  part, 
indeed,  raimoi  nwiiy  at  tliitt  time,  aa  the  afur-btrlh,  and  the 
aaparattom  of  this  portion  takes  place  byu  rending;  or  <nuih> 
log  throag;h  of  that  port  at  which  its  cohesion  is  least  etrong, 
namely,  when:  it  in  munt  burrowed  and  uuduruined  fay  the 
wnnioua  ^aoee  before  referred  to.  In  thin  wny  it  is  cast 
off  vilh  tbe  foetal  membrauce  and  the  decidua  tvra  and 
nffitxa,  t^;«thor  with  a  part  of  tho  dnddiia  Mtrotina.  The 
mmftining  portion  withers,  and  disappeara  by  being  gra- 
dually eithetr  abaorbed,  or  thrown  otT  in  the  uterine  dia* 
ckar^s  or  the  hckM,  which  occur  at  this  period. 

A  new  mucous  membrane  is  of  cour»n  gradually  de- 
veloped, aa  liie  old  one,  by  ita  peculiar  tranefomuitiou  into 
what  ia  called  the  decidua,  ceo^ea  to  perform  its  original 
AuetioBa. 

The  itmbSieat  cord,  which  in  the  latter  part  of  ftotal  ItCa 
b  almost  solely  composed  of  the  two  arteries  and  the  single 
Tcin  which  retpoctivoly  convey  fu.'tal  blood  to  and  from  the 
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plaMnta,  iwiitaitis  the  nrniniuitii  of  qIIut  tttnicturM  vlikh 
in  thfl  early  stage*  of  Uie  development  of  tbe  einbr^  were, 
OK  ftlrendj  mlftU^,  »f  gmot  i»inp«nitivD  impnrtaDiA.  Thus, 
in  early  foptel  life,  it  w  mtnpnwxl  of  tho  foHovrinp  puta : 
— (l).  Externally,  a  layer  of  the  amition,  refiedeil  over  it 
ttom  tlin  umbilicaK.  (2).  Tho  niu1>ilicnl  tcmcIo  with  its 
duct  and  appertaining:  oniphalo-m««ei)t«ric  blood-resela. 
(3).  The  renuuna  of  tlie  allantoia,  ood  cODllnaoua  witli  it 
Utc  uracliu*.  (4).  Tim  umbilical  Tcaaclc,  irhicli,  m  ju 
remarked,  itltimatvly  fonn  the  greater  part  of  the  eoid. 

CBTBLOI-U  eXT    or  OSOAXa. 

It  ffttnains  now  to  conniilfTin  mi««««inn  tho  dOT^opi 
of  (ho  eprnrnl  orgrani*  and  eystetos  of  organs  in  tbe  I 
prOigreas  of  the  embryo. 


Dtrttopinml  eg  ike  Vfrtriiral  Column  and  Craniwit, 

The  primitivo  part  of  tlw  vertebral  column  in  all 
Vertebrata  is  the  gelatinous  chorda  doraoliii,  which 
RkMs  ontintly  of  cnlln.  Thi*  curd  tapers  to  a  point  at 
tho  cranial  and  caudal  extremities  of  tbe  auinud.  In  tli 
prognw  of  its  doviOopment,  it  is  found  to  become  enc 
in  a  membranous  aheath,  which  at  length  acquires  a  &h, 
tttriK-tiir^  composed  of  tnuwverao  annular  fibres.  Tb 
chorda  dorenlis  is  to  bo  regarded  oa  tlie  a^ygoa  axis  of 
the  spinal  (.oluran,  and,  in  particular,  of  the  future  ImxIim 
of  tliK  vort^TliDD,  iillbfiiigh  it  ni>var  itanlf  pnjin>4  into 
cartilaginotis  or  osseous  state,  but  reroains  endosed  aa  ta  1 
case  within  the  persistent  parts  of  the  vertebral 
wliid)  arc  ilcv<!loj>od  around  it.  It  is  pcrmnnent,  bowOT 
only  in  a  few  animals :  in  the  msjori^  it  disappoan  at  1 
early  period. 

The  cartilaginous  or  oinoons  vortclmo  are  always 
deriilopod  in  pairs  of  lateral  elements  at  tli«  etdae  of 
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3a  <)nr»aIiH.  From  Umso  lateirtl  eleawnte  ar«  formed 
the  bodiM  and  the  arcli«a  of  th«  vertsbrae.  la  sonio 
anImaU,  a»  the  stlurgcoD,  howorcr,  tlio  Intend  el«m«BU  of 
the  verU'lirm  umlnrgn  no  furtJicp  iI«Tclopmniit,  «iid  it  i«. 
here  that  lh«  tliorda  doraalia  ia  porsisteiit  through  life, ' 
In  the  myxinoid  Gnhi-'s  tlie  spinal  coluum  preeeots  no  ver- 
tebral tcgmoots,  and  th«re  oxista  momlj'  tho  cWda 
dorulis  with  the  fibrous  laj^r  Burrouodiug  it«  sheath, 
wMoh  is  the  kyer  m  wiuclt  the  elcdebiu  oriffinut«s.  This 
fihrmiA  Inyor  also  forms  auporlorly  tlie  tnembrnDous  cover- 
ing of  the  verMbral  cajoal. 

In  roplUui,  liirils,  uud  iiuiiiimiilii,  tlio  mode  in  which  thai 
Tttrtcbnu  itr»  fonnixl  around  tlie  chorda  dorsalis  Monu  tej 
be  diir«r)>nt.      When  the  formation  of  these  parts  from] 
the  blaateuia  commenced,  th«ro  apjieara  at  eadi  aide 
the    chorda   dorsnlis   a  eertce  of    qiuidraugular    fi^ree, ' 
the   radimenta    of   the    future    vertebrffi.      These    gra- 
dually increaAO  iu  uuiiibor  and  mxa,  ao  aa  to  surrouud 
thtt  «horda  Iiotli  nWro  and   below,  ieoding  out,  at  the 
same  lime,  superiorly,  proceaaes  to  fonu  the  arohee  des- 
tined to  eodufiu  tlie  npiuul  (unl.     Iu  tliiit  priinitivu  COa*j 
dition  the  body  nod  orehos  of  each  Tcrtebra  are  formed 
by  one  piece  ou  emti  Hide.     At  a  i.-ertuiu  |iertod  tlieae  two 
primary  elemoiits,  which   have  become  curtilagiooiu, 
iofcnorly  by  a  suture.     The  chorda  is  now  encloaed  in  : 
case,  formed  by  tlio  bodice  of  tlie  veriebrse,  but  it  gn- 
dually  wnstes  tuid  di«npp«iira.      Itpforn  the  dioappoaraiioe 
of  the  <-hordn,  the  oesi£ciitiou  of  the   bodies  and  arches  of 
the  rertebriu  hc^na  at  distinct  poiuta. 

Tho  ossification  of  the  body  of  a  viirtelira  in  fintt  ob« 
aervod  at  tlie  point  where  the  two  primitive  oloTDents  of 
the  fertebnu  hare  uiiitud  iiifuriorly.  TIiom  vertebn^i 
which  do  not  bear  ribe,  such  as  the  cervical  rertebrte^ 
have  (generally  an  additional  centre  of  ossification  iu  the 
tranirrunw  pro('*B*.  whith  ia  to  be  mgnrdml  as  an  abortive 
rudiment  of  a  rib.      In  the  ftetol  bird,  these  additional 
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oMified  portiooB  exist  in  sU  the  oernc«I  vertel«av  ■^ 
gniaaBy  beeoma  ao  taoA  derelopad  in  Um  lownr  |iait  «t 
tha  curical  ngmi  lu  to  fam  ihm  upper  Ddne  ribe  of  tUi 
ciaM  of  Munuda.  The  buoo  potts  exist  in  nuninuUa  ud 
nun;  thaao  ot  tlta  Uat  ecrrical  nitobtw  atm  tfa«  vumI 
dovdoped,  iind  hi  children  najr,  for  b  eonmderaUs  poM, 
be  diMminuAli«d  sa  a  MparaM  part  on  eadi  nuli^  Uk«  the 
root  or  bend  of  ft  rib. 

11m  tmo  cmnium  i»  a  ptoltHigfttion  of  tbe  reitobfa] 
column,  and  is  d«T«loped  at  a  mudi  emriicr  poriod  tlum  tbe 
tataal  bones.  OrigiuuIIy,  it  ■■  rorraad  of  but  ono  nua,  a 
oenbni  cspaolc,  tbo  chorda  dor«aIia  being  tonUuucd  into 
it8  base,  and  ending  there  vitb  a  taperinf[  point  Tht) 
Mbilion  of  tbo  nhorda  doraaUR  to  the  bMH  of  the  oraaimn 
M  penwteni  through  life  in  Kone  fiah,  e.p.,  the  aturgcon. 
T1u>  first  appeuTWUtt  of  a  wnlid  Mi]i>]i<>rt  at  thn  baae  of 
the  cranium  oWrrtid  hy  Miillcr  in  fiiih,  consista  of  two 
elongated  bonds  of  cartilage,  one  on  the  nj^bt  and  tlw 
other  on  the  I«ft  aide,  which  are  coiino(-i»d  with  the  oar- 
tilagioous  captule  of  tbe  audiUiTjr  apparatus,  and  united 
with  e«Mh  other  in  an  arched  manner  anteriorly  beoaath 
the  ant^^or  end  of  the  cerabral  caiuuln.  Hc^ce,  in  tha 
cmtiium,  as  in  the  apinal  oolnmn,  thore  are  at  first  dt 
Teloped  at  the  aidce  of  the  chorda  dorsalis  two  a^-mmotriol 
elemeuta,  which  subiie(|uently  coaleaco,  and  nutj  wbcUy  i 
eodow  thedwrda.* 


Dfveiopmmt  of  tht  Fam  and  fMCvrnl  Arthtt. 


iriod^^ 


It  has  been  said  before  that  at   aa  earlj  period 
dcmlt^mont  of  tlio  embrj-o,  th«ro  grow  up  on  the  sidei  ^ 
the  primitive  groove  the  eo-oalled   ional  Unnina,  whip 


*  For  mndi  Mw  and  origiiul  tnnRcc  r*laliiig  lo  tbo  dvtplof. 
tha  cnininn,  Uio  taadcr  la  nftmd  tn  the  hupoiunl  ]n:inr»  on  \ 
yimiie  AnaUuDy,  dslivrnd  at  tba  Cellags  of  8iu:geMi>  bj 
lluxle]r. 
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lengtll  0(Mln«c».  &nd  complete  hy  tli«ir  union  the  Rpinul 
oulbI.  The  aatne  jiriMetui  eMeniiall/  takes  place  in  tho 
li«&d,  BO  as  to  cncloM  tha  cnniinl  cuti^. 

Tbi»  MMwUeil  vitcnal  lamina  hare  beon  aim  deactibed 
u  pAMing  forvarda,  aud  gradually  coaleedng  in  front,  ui 
the  donal  lamiiire  do  bctiinil,  aod  tlins  cndoking  th6 
tbonutiG  and  abdominal  caTity.  An 
analogous  proc«aa  ooeun  in  the  Cacial 
and  oerrical  r«gioa>,  bat  th«  cndoiunf^ 
lamiiuf,  inH(i?«d  of  being  simple,  as  in  The 
former  instances,  are  civil. 

In  tliis  way  Ui«  »o-cal!<;d  viiwoTal  itrfh/t 
and  tlfflt  are  formed,  four  on  each  «ide 
(fig.  2JO  a),  aiid  from  or  in  oonneolion 
irith  tlu!Mi  nrchM  the  following  purta  ore 
d«Telopod  : — 

Prom  tlie  Jint  ardi,  and  ita  maxilhtry 
pr<)c:cv>^  tho  »apfirior  ttuuiliaiy.  Iho  ptilate 
bone,  and  ihe  internal  pteryyriid  plate  of 
tha  sphenoid  lioni',  the  incui  uiul  rnnllrui 
and  the  loufr  jViw.  Tho  upper  part  of  Ihe 
face  in  tho  middle  lino  ts  developed  from 
the  W>-c'aIll^d  frunto-natal  pmcws  (a,  3. 
fig.  230).  l-'rom  tbn  ifroiul  arch  ar»  do- 
Yeloped  the  ktapa,  the  aiapediiii  muscle, 
the  atjrltiid  pn>teu  of  thn  temporal  booe^ 


*  Fig.  tyUA,  Usgnifinl  riew  from  before  of  tliv  L«bi1  rimI  neck  of  a 
bmnan  •mbcy*  of  sbont  thr™  wtck»  (fmin  E«kcr) — i,  ■ntwior  cewbfti 
Tisick  or  corabrum  ;  3,  miilillc  iliciu ;  3,  midillc  oc  fro«iW-n*nl  proMM; 
4,  «u|i«rior  niMxlllwy  prooMn;  5,  <?«  ;  6,  inferior  maiilluy  procta^  ur 
ltn.t  Ticcerai  arch,  xikI  ImIow  U  llio  l)n>t  cUft ;  7.  S,  9,  •Bcond,  thinl, 
»nil  fonrth  anbus  mi-I  clvltn.  B,  •nmior  Tiaw  of  tha  hcki)  of  a 
lianian  foitu*  of  nbnut  tlin  GIUi  wvt>k  (from  Eckn,  M  bofoR,  Ar.  IV.^. 
),},},  J,  ihn  lanio  tiitr(«  an  in  a  ;  4.  tlic  «xl'.'nuil  aamlor  l«l*ral  fraatal 
prootM;  6t  tha  mporior  nmiilUty  {itocvHi  7,  Ihe  b<r«r  Jaw;  x, 
tb*  toniriio  ;  S,  fir>t  bmuvhinl  cUIl  bcMiuiag  the  m«ata>  anditonua 
DXtcrniu. 
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tka  Uglo-ityoid  lignmont,  iumI  the  tmaUer  ntmu  of  the  kfM 
bone.  Prom  the  lAinl  ruceral  nrcli,  the  yreaUr  m»tku  uA 
hoJy  of  tli«  bjoid  bone,  ta  man  and  other  mami 
Jiturth  nacernl  arch  is  indistinct. 


Derehptneat  of  tht  Erlrrmitie*, 

Tlw  extremiticw  am  d«'<rttl<^ed  in  an  nniform  mt 
all  T«rtabrata  aninmK  Thej'  appear  in  tlM  form  of 
like  elevatioM  from  tlio  inirivint  of  the  Inink  (we  fig. 
ajl),  al  jKiinia  vfaera  mom  or  Iww  of  na  imJi  will  be  pro- 
duced for  th«m  witbiu.     The  primitive  form  of  tho 


Iromitj  in  ni!«riy  the  tamo  in  atl  ^'ortobrela,  w[i«lher  it 
d^istined  for  swimming,  crawling,  walking,  or  Hyin^. 
tUa  human  futtua  tlie   fiii^'nt  are  at  lirst  noiled,  M  If 
veLlwd  ttfT  Mvrimiaing;  but  this  ie  to  be  regarded 


^ 


*Fi|t.a3i.  AhiiinuMnbryoof  th*  Tcunb *«k,  3}  Um*  la  \ 
:.l1iv  chorion-,  3,  |nrt  of  the  anmion;  4,  iiiiil>Itlc«l  T«)M*iiith  iUlMf 
prxlii'tt  pf^i'V  ■■'<<■  'ti"  iilKjuiii«a  ;  7,  tli«  Iwirt ;  S,  ika  livn ;  9,  tin 
riacvnl  •tvh  <1mCui«1  to  form  th«  lowpr  junr,  I'nialii  wiuA  tn  tva 
cthor  t1mm*I  KRlitB  wpantad  Tiy  the  bmnchinl  clefts  :  li\  railiiacaM 
tho  ii]i[>«r  c-xiivinily :  11,  thuiof  Iho  lower  rxirtrajty;  11,  thaoii 
nonl ;  i5,tIieF]re;  tfi.  lite  cnr  ;  17,  Uiu  roteliral  buuiipticm  ; 
Of  tic  \tibt9  or  csrpcra  quoJrijiciniuk. 
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Binh  as  an  approximation  to  the  form  of  aquatic  aQimals, 
tliA  priinitivu  form  of  tfiti  Uaud,  the  iudividual  patta  of 
rhich  subsaixueiitly  became  moro  completely  inolatcd. 


Dit^pntent  of  the  Vateular  SstUm. 

Tlw  fint  doTolopntont  of  th«  TOSculnr  n-Htcm  nnd  hnort  ia 
I  the  genulnal  membrane  has  been  already  alluderl  to  (p.  750) 
^■The  earliiiHt  furm  uf  tlie  )ii>itrt  pruwiits  itacif  ua  a  solid 
^nompiict  mnM  of  voilirjonic  i^lls,  nmilnr  to  Uiosr  of  which 
^f  the  other  organs  of  the  body  are  constituted.  It  is  at  tirst 
UDproviiSi^d  with  u  cavity ;  but  tliis  sliortly  makon  ita  up- 
nco,  rMulting  nppixrPDtly  from  tlie  ee^aratioii  from 
ch  other  of  the  cella  of  the  oeulral  portion.  A  liquid 
.  now  foroiwl  in  iho  iitill  clowd  cuvity,  and  tho  ccntrnl 
.  mfty  bo  seen  floating  within  it.  These  oontentsof  the 
are  soon  observed  to  be  )iropelI«d  to  and  Iro  with  a, 
Mc  dogrro  of  rcgiilnritj-,  owing  to  the  commencing 
atioss  of  the  heart.  These  pulsations  take  place  even 
oforo  the  appearauco  of  a  vavity,  and  imnKMliuti^y  ftflor 
first  '  laying  down  '  of  thn  rolls  from  which  the  heart 
formed.  At  first  they  seldom  exceed  ironi  lifteon  to 
eighteen  in  t)ie  iniuute.     Tlifi  fluid  within  tho  carity  of 

Rthe  heart  lOiortly  osumos  th«  characters  of  blood,  ^t  the 
tame  time  the  cavity  itself  forma  a  comuiunioation  with 
Uio  gn-iit  Teasels  in  coatact  with  it,  and  the  cells  of  which 
Its  wall  are  composed  are  transformed  into  fibrous  and 
muMular  ttasues,  luid  into  opi thulium. 

Blood -¥681018    appear    to  bo   developed   In    two    wayg^ 

ig  to  tho  size  of  the  vessels.     In  the  formation  of 

blooil- vessels,  inuHvea  of  embrynnio  cella  aimlW  to 

hoso  from  which  tho  honrt  and  other  structures  of  the 

embryo  are  derelopod,  arrange  themselves  in  the  poattioD, 

brm,  and  thickness  of  the  dereloping  vesstil,  Shortlyafter- 

rards  tho  cells  in  tho  inti^rior  of  a  eotumn  of  ihia  k!u(l 

em   to   be   developed   into  blood-corpuscles,  wliilu   the 
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external  Uyer  of  odls  ii  coDTerted  into  the  mils  td  tiw 
veeseL 

In  &M  deTelopment  of  capillaries  Bnother  plan  U  pai- 

Fig.  331. 


p 


*  Fig.  231.  CnjiitUiy  hlood-Tcssels  of  tlis  tail  of  a  young  lim! 
rro);.  MigiiifipJ  35a  tinicB  (after  Kcillikcr).— a,  opiElariei  pennnble 
ti)  blood  ;  b,  fat-granules  attaclieil  to  t]i«  mlU  of  tbs  veisalR,  and  con- 
cealipg  the  uuclci  ;  e,  hollow  prolongation  of  a  cApLtUry,  ending  in  a 
jHiiul :  il,  a  branching  cell  with  nudeui  and  fat-gnnulei ;  it  commDoi- 
i-atraliy  three  1im[iches  with  pmlongation  of  capillarien  already  foimed  i 
f,  t,  lilool-corpuscles  atiU  containing  granule*  of  TaL 
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rood.     This  haa  lieeo  well  illuBtratod  by  KolUk«r,  u  ob- 

MDTod  in  tho  ttiilif  <tf  tndpoliM.     The  fir«t  lateral  v««els  of 

tJi«  tail  bare  the  form  of  simple  arches,  passing  botwiwa 

^tbe  tnalD  art«^  aad  veia,  anil  are  produced  fay  the  jtmc- 

an  of  pToloiigBtioD!),  tent  from  botli  tltii  artur^r  and  t^, 

oartUD  elongated  or  etor-^linpcd  cells,  in  tfaa  aul» 

I  of  the  tail,     ^^'hen  these  at^htia  are  formed  and  an> 

able  to  blood,  ttow  prolon^tiona  paw  from  ihem, 

,  other  radiated  cells,  and  thus  form  secondarj-  eri:he». 

.  this  maDn«f,  the* cjipilkry  net-work  oxteuda  in  propor- 

OH  tliv  tail  iam^nsce  in  lengtli  and  bmadth,  and  it,  at 

the  same  timei,  bocomt>s  more  deaiiM>  by  the  formation,  ac- 

ordui(;  to  ibonamn  plan,  of  fn»h  t<!9ih-Ih  within  iUmeshen 

I  proloDgtitions  by  which  the  vessels  communicate  with 

'  the  star-shaped   cells,  conaiat  at    first  of  narrow-pointed 

jirojeiliona  fnm  the  aidu  of  the  Tvawlo,  which  gradually 

elongate  until  they  oome  in  contact  with  the  radiated  pro- 

i-eeaea  of  the  cells.     Tlie  thickneas  of  such  a  prolongation 

>>fti;n  docK  not  cxcvwd  that  of  a  fibril  of  fibroua  tiatuc,  and 

at  first  it  is  perfectly  solid;  but,    by  degrees,  CEpecially 

W  Bft«f  ita  junction  with  a  evil,  or  with  another  |>rolongatioo, 

^■or  with  a  vessel  already  permeable  to  blood,   it  enlargoti, 

H-ftBd  a  cavity  then  furms  in  its  iiititrior  (««e  fig.  233).  With 

™Ttolbkcr>  inccouiit,  our  own  obsorTOtioiw,  made  on  the  fine 

gelatinous  lit«ue  conreyiog  the  umhiiical  vesseU  of  a  tthenp'a 

embryo  to  tlm  uterine  (wtyWons,  conipU-tely  accord.     Tliie 

tiMUe  is  well  calculated  to  illustrate  the  vurious  Et<-pa  in  the 

development  of  bluud-vesods  lioui  elongating  and  branch- 

H  About  tlie  time  that  the  heart  at  its  lowest  extramitr, 
Bkeceives  tlie  ^■euous  trunks,  and  at  it»  upper  <atT«)s% 
givm  off  the  large  nrtcriid  trunk,  it  beoomes  curved  ftom  a 
straight  into  a  horne-shoe  form,  nod  shortly  divides  into 
three  cavities  (fig.  233}.  Of  these  three  cavities,  which  «« 
developed  in  uU  Vertebrata,  Iho  moitt  posterior  is  the  ^m- 
lUirido;  the  middle  one  the  simple  ventxide;  and  the 
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tMMt  anterior  the  bulbos  aiterio«ui«.  These  tJhree  pwtal 
tb»  faMit  contmct  ha  nMoeasioa.  The  uuida  sad  lb 
bulbus  Brt«rios)L»  nt  tliw  period  lia  at  tlui«xtT«iiutimcfAi| 
hoiw-Hhue.  The  bulging  out  of  Ute  middle  portian  h- 
tetiorly  givm  Uic  fint  indictitioa  of  tlu>  future  fbrn  of  dri 
ir«citncle  (ece  fig.  255)'    Tfaa  gntd  cumturo  of  tlw  hont- 


•^  4 


»lio«  bj-  the  auno  moiuis  becomes  tmult  mon  derdojied 
than  the  BcaaUecourraturobelu-eeu  the  aurii^iind  bulboi; 
ukI  the  two  L-xtmniitJM,  the  euride  aai  bulb,  approadi 
eaeh  other  vuperiorl;,  8a  aa  to  produce  a  gTeat«r  reaen- 
bhuion  to  Hm  Utt«r  £otm  of  the  heart,  whilst  the  iiiiilijilii 
beoouM  more  and  more  doreloipoi)  infcrioriy.  Tb»  hetit 
of  fiahea  retttioa  tbeee  three  earitiefl,  no  fmlher  dlnnoo  bf 
intoroal  wpta  into  right  and  lull  uhunbora  toldng  |ilaiB. 
Id  Amphibia,  «lw,  the  beett  throughout  life  oomats  of  IIm 
three  muscular  divisions  wludi  are  as  eerlj-  furmed  id  the 
embi^o ;  but  the  auricle  is  dirided  intonudly  hy  a  Mptoa 
iuto  a  pulraonoiy  and  qratemJo  aoricle.  la  reptilu;  lut 
merely  the  auricle  is  thus  divided  ialo  two  cnritica,  hot  a 
■imitor  Mptutn  i*  mgru  or  lorn  devdbped  in  the  veuliiclik 
la  birds,  mammals,  and  the  human  subject,  both  auntie 
and  viiitriiJe  undoj^o  oomplele  dtvinon  by  iH']ktiii  whibt 
in  thoMi  miimalf  us  «r<-ll  as  In  nrptilce,  tho  bulbus  aorts  ii 
not  permauent,  but  becomes  lost  in  the  veutridce.  The 
Mptum  dividing  the  routrlde  conimeDcvs  at  the  apex  and 
extends  upwards.  When  it  is  complete,  a  sejituia  it 
developed  in  llie  bulbus  otutn^  aeparating  tho  root*  irf  th* 

*  Fix-  233.  BMnofl]ie<kiFltattlui45Ui.  65U1,  unl  85111  hom  tf 
incnbation.  1,  Ih*  TvaoiislTUulu:  1,  tbr  autick;  3,  lliu  vtauithi 
4,  t\i<i  \i>:ii'b«'<  uVxnuwu.  Vtl\«x  \lt.  UVvl,  TImuum)]. 
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proper  aorta  and  the  pulmonaiy  arteiy.  The  spplam  of 
ihe  auricles  Is  ilevolopoti  from  ii  lu'iuiluDsr  folii,  vlitcb 
extends  Iriini  »boT«  doirowards.  In  niiui,  thci  feptum 
"rtweeo  the  Teatride^  scoordinfr  to  Sleckel,  bo|>ii:iB  to  be 
formed  about  tlie  fourtli  week,  uuil  ut  the  «ud  of  eight 
week*  18  uomplelo.  The  septum  of  ibo  nuricW,  in  man 
■od  all  animals  wliiuii  jionwiait  it,  remainB  imperfect 
throiigbout  fottal  life.  WhoD  tho  partition  of  thu  nuritJo* 
la  first  oomnuiDct&g',  tb«  two  tcdh>  cavto  havfi  different  ra- 
UtioDs  to  the  two  cavitios,  Tho  Huperior  cava  enters,  aa 
in  the  ailull,  itito  tho  right  auricle  ;  but  the  inferior  curn 
ia  so  pLicid  that  it  appears  to  enter  the  left  auricle,  and 
tlic  posterior  part  uf  tin;  stipttim  of  tho  auricles  ia  formed 
by  tlM)  EuRliicluiin  valve,  whicli  extends  from  tlin  point  of 
entrance  of  the  inferior  cava.  Subdequently,  howerer,  the 
•ej^tum,  growing  troui  atioTo  dnwiiwurdH,  becomes  directed 
more  aad  inom  to  the  left  of  tlio  vena  cava  infcoior. 
During  the  entire  period  of  foetal  life,  thero  remains  aD 
opmiDg  in  tho  itnj>tnm,  whiclt  tho  voire  of  the  furumeu 
ovale,  dcrv^pod  ia  the  third  month  imperfectly  doses. 

Circulation  of  Blood  in  tht  Firtua. 

T1m>  drcnlation  of  blood  in'  ilie  foetus  is  pcciiUar,  atid 
differs  coustdurably  fruni  that  of  tlto  adult.  It  irlU  be 
well,  pi-rhntui,  to  begin  its  description  by  traciug  tlie 
cinu-so  of  the  blood,  which,  after  being  carried  out  to 
the  placenta  by  the  tno  umliilital  arUritt,  has  returned, 
deauwd  and  rox>lcnished,  to  the  (wtu»  by  the  umbilical 

It  is  at  fintt  coDvc>'ud  to  tho  under  surface  of  the  liv«r. 
the  stream  is  divided, — a  part  of  tlio  blood 
straight  on  to  the  injerior  vena  cava,  through  a 
Tonoua  cniud  called  tho  etactat  rntotut,  while  tlie  remainder 
into  the  portal  vein,  and  reaches  the  inferior  Tena 
oaTS  only  after  circulatiug  through  tlie  liver.     Whether, 
hoiTQver,  by  the  direct  route  through  tbo  ductus  renosus 
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e-  iho  »up*rior  vma  cava.  It  tuigbt  be  naturally 
Iliat  the  two  etreams  of  Llood  would  be  mingled 
in  the  right  uiiritle,  but  siicli  is  not  the  cusp,  or  only  to  u 
aligbt  extent.  The  blood  from  the  luyfrhr  vena  cava, — 
the  le»  pure  fluid  of  the  two — passes  aliuutit  cxdutiimly 
into  tlu>  rigltt  ventricle,  through  the  auriculo-Tentritoilar 
opening,  juitt  as  it  does  in  tlie  udult;  while  the  blood  of 
thu  in/trivr  tcda  cava  i»  directed  by  «  fold  of  the  lining 
membraae  of  the  heart,  called  the  Emtatliian  valve,  through 
_  the  fununen  uviilo  into  tlie  Itft  aimcle,  whence  it  |iassee 

ato  th«  Ir/t  ventriclo,  and  out  of  this  into  the  norta,  and 
to  all  the  body.     The  blood  of  the  mperior  vena 

ava,  irbioh,  as  before  aoid,  passes  into  the  right  ventridi;, 
u  Hnt  out  tltonce  in  nnnll  unount  through  the  pulmonary 
artery  to  the  lungs,  and  thence  to  the  If/i  auricle,  as  in 
the  atlult.  The  greater  part,  however,  by  for,  dooe  not 
go  to  the  lungs,  but  instead,  passes  through  a  cnnnl,  the 
ductus  arUrimnt,  leading  from  the  pulmonary  artery  into 
the  aorta  just  below  the  origin  of  the  three  great  veaaela 
which  supply  tho  uj>]ior  pitrts  of  th«  body;  and  there 
mooting  that  part  of  the  blood  of  ttio  inferior  vena  cava 
which  has  not  gone  into  these  large  veittxila,  it  ts  dis- 
tributed with  it  to  the  trunk  luid  lower  parts, — a  portion 
paeeiag  out  by  way  of  the  two  umbilical  arltrUi  to  tho 
placenta.  From  tlie  pluceiita  it  is  returned  by  the  urn* 
biliciO  rrin  to  tlio  uiiddr  surface  of  the  liver,  from  which 
ihe  deaerlpiion  siarlej. 

After  birth  the  fomincii  ovido  closes,  and  so  do  the 
ductus  arterioeus  and  ductus  Tenoetis,  as  well  as  the  am> 
hilical  vvbmIs;  ao  that  the  two  streams  of  blood  which 
arrivo  at  the  right  auricle  by  the  Buj>criar  and  inferior 
vena  cava  respectively,  thenceforth  mingle  in  this  cavity  of 
Aa  hMrt,  and  pas^uig  into  the  right  ventricle,  go  by  way 
of  the  pulmonary  artery  to  tlie  lungs,  and  through  ttioae, 
oftw  purification,  to  the  loft  auricle  and  ventricle,  to  be 
distributed  over  the  body,     (See  cbupter  on  Circulation.) 
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DtvHvpffnt  o/lh*  iVnroict  Sgtttnt. 

17m>  mode  in  which  tho  rudlmentAry  BtitiottUM  i 
oetebro-spiool  ncrrouH  sj-Mliiin  arnfonaoil,  hu  been  already 
Btaled  (p.  743)>  Tbo  doraal  Umioiei,  th«  inner  bonlcM  dI 
which  4'loM  in  and  forra  tfa«  caaal  of  the  sptnsl  cord,  Mm 
to  Wve  n  fiMUTiB  in  thn  situation  of  tbo  nodolla  oUongata. 
Bctveen  Ihu  and  the  tnoet  anterior  extremity  of  th«  coail, 
throe  Toaicular  eolargements,  the  Tesielea  of  tbe  brain,  an 
doralopod  (mo  %.  317),  and  from  lli«w  again  ant  durdoped 
the  following  part* : — 

Prom  tho  anUrior  primary  Tecchy— th«  optic  ihakmi, 
corpora  striata,  tho  tliii-d  Tvotriclo,  nod  tbo  cet«lt&] 
hemispheres,  together  with  some  other  partA  in  comuo 
tiou  widi  thoM  aboTO  named,  sa  the  uorpus  caUosm, 
fornix,  etc. 

From  the  middle  primaiy  veoicle — the  «>rp(»«  qnadrige- 
minn  and  crura  wrebri,  witJi  tho  u(]|iM>(luct  of  Sylriuo. 

From  the  jxattriw  primary  resido— the  oeccboQum,  potu 
Varolii,  mL-dulU  oblongata,  ote. 

JferfloptHfttt  of  fhs  Organs  of  Seaat. 

The  eye  is  in  port  dovdopod  as  B  protnidod  portion  of 

tlio  fifiit  primary  corobral  veaicle;  while  puning  bot^wnrd*. 

and  pressing  on  the  &ont  of  this  proceaa  or  primaiy  o[6t 


Fig.  liS.- 


*  Fig.  3^.  Longitudinal  GEiHioriof  IhefnDuujopdcnnGlaiailM 
click  metpilliiid  (from  Bcmol;). — A,&nin«acinbr70art^xty-fiT«houi«; 
B,  ft  taw  Iwwn  Imct ;  C,  of  th«  foiirtli  d»y  i  t,  lli«  corn«0UB  laynr  m 
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vtielf.  is  a  poudi  o(  the  rommon  [Dtegnment,  which  nib- 
aaquontly  becomea  a  shut  aac,  uii  in  which  ia  doreloped 
the  lens  oiul  its  c«p«ul«  (fig.  236}.     Subsequently  them  ia 

ftj.  »36.'  Pig.  237.t 


protni'lod  from  Wow  upwards,  hotwoen  thn  lens  in  front 
and  the  primary  optic  veaitlfi  behind,  another  procow  or 

elowd  in  B  iiid  C ;  I,  th*  lenn  Mlicle  and  lens ;  jrr,  Uto  primaty  optic 
ivnck;  in  A  and  R,  thn  podle1«  In  iliown ;  inC,  tha  vclioti  bring  to  tlw 
wtAe  of  tlie  pf dido,  thi  l>tt«r  it  not  flhomi :  •,  the  Mcnndwy  ocuUr 
1«  >ni)  vitraniK  hnnioiir. 

*  Fi^  sj6.  Dl^'nmmiili'?  sketch  of  n  TVrtical  loncitndinitl  mcKou 
;h  tlM  (jrebaU  of  s  liumim  fitiu  of  four  vmI:!  (aftn  Kalliliw I  ''^. 
•DCtion  i«  a  littlo  to  tlin  ndo,  w  lu  to  avoid  jwauii);  througli  tiia 
ocolar  cietl ;  c,  th*  cDtlcl*  wh«n  it  b«cninM  iat«r  the  ForuM  1  I,  dio 
hat-.o,  ;■,  nptic  n«m  fonu*)!  by  th«  p«dlcl«of  thiprimtfy  npiicveaide; 
fp,  ptiuiwy  miliilUry  tJivilyor  upli«  veticl*;  p,  thejiigmcnlliycr  of 
tli«  charuiJ  ciHil  uf  tlio  ouloi  wall;  r.  tli«  lonvr  mil  fornilnj(  die  retiaa; 
e  #,  tveaadxty  (rptie  T»Mcle  c<iiitniaiiig  tlw  nutiiu«Dt  of  the  ritnou 
Immour. 

T  Fig.  s 57.  Tmnnerw  vcrrUul  Mctioa  of  the  eyebnll  of  a  human 
nnbcyoof  (oniwtoki  ((torn  Kollikcr)  "f.  The  anterior  half  of  the 
•Mtion  i*  roprcmilcd  ;  p.  r,  tli«  nmaiftt  of  thn  earit;  of  tba  primuy 
«tili«  vm(c1«  ;  p,  thn  inner  |iart  oftb*  ontor  layer  forming  the  ohoroidiil 
piipuijiil ;  r.  Ilia  Ililcktiiiti!  inniT  part  i^Ting  rite  to  the  cotumnai  anil 
«(hv  slrtictnnt  of  Uia  ntina ;  r,  tho  commencing  Tilrvou*  hmnoiir 
mthin  tlie  avMndniT  optic  tmIcIo  ;  i',  tho  ocular  cltft  Iliroagh  itliich 
tha  loop  of  the  rnitml  bloDd-veaNl,  a,  p««JKtii  fiUDi  bcloir  ;  I,  tht  Una 
with  a  MOtnl  cavity. 

mi 
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1 


pouidi,  remaiiuDg  for  M«ne  time  isipetf«ct  belov,  and 
oalled  tho  teeondary  oplic  xwclt.  Hw  dcScieiuy  belo« 
ocuttacU  into  what  ui  cnllod  tho  oftdar  tleft,  Tliieh  maitm- 
i|iieiitly  becomes  entirely  obliterated.  In  oonnut-tioii  witb 
the  prinvinf  opiie  v*ndt  arc  derulopcd  tko  retina  from  IIm 
invaf^aated  porUos,  and  the  iHgrneDtai?  portion  of  ibe 
clu>roid  in  ocmnectioD  willi  Hm  outer  part  (fig.  336).  In 
tho  ucondary  optio  vcaide  the  Titnoos  humoor  is  fonaed. 
The  outer  walU  of  the  eyeball,  the  soterotic  and  conrai, 
an!  developed  from  the  tlmuea  imtncdiatolj'  oioond  thoae 
vhi(h  have  been  just  (loM-ribed. 

The  iris  is  formed  rather  late,  as  a  dmilar  anptum  pn- 
jocting  invrardfl,  from  the  fore  jiait  of  tho  choroid,  lieiireen 
the  lens  and  the  eotnea.  In  the  ej-e  of  the  faius  uf  Maia- 
malia,  the  pupil  ia  doaed  hy  a  delicato  meiuhrann,  th« 
mtmhrana  pv/nUaru,  vliivh  fonua  the  frout  portion  of  a 
highljr  vaaculnr  nembrane  that,  in  the  (cetus, 


the  lens,  and  in  niuncd  tho  membrima  taptuto  jttijiBaTv.    It 

*  tig.  aj8.  Itlood-rcaKtii  of  the  ra|iMi]o-|iQpillu7 mcmbna*  of* 
nnr-bora  ktiicn.  oinRnilini  (ftnm  Koltiko).  Tlio  ilnmng  ic  l>k*a frm 
ft  \>rcii«.tW.\un  iiiicctol   h;r  Tjntvli,  pod  ibcnni  in  tho  mittal  jKrt  tlic 
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ppUed  with  blood  by  n  brnnch  of  the  arleria  emlralis 
mhut,  whitOi,  pasKuig  forwards  to  the  back  of  the  lena, 
there  aubdividos.  The  tiictnbmna  cupsiilo-pupillaris  withers 
•nd  diflappearB  in  the  human  subjact  a  short  time  bofbre 

I  birth. 
The    eyelids  of  the   htiman  siibjwt  and  mummifernua 
animaU,  like  those  of  birds,  are  first  devebped  in  tlie  form 
of  a  liitg.     Tli(-y  tliftn  i-xtHiid  oyer  the  glolM  of  tlte  eye 
aadl  they  meet  and  bocoma  firmly  agglutinalod  to  each 
oAer.     But  before  birth,  or  in  the  Coniivora  otter  birth, 
1b»J  Bgmin  RRparatu. 
^      The  ear  likewise,  nccordiD^  to  Iluschke,  consists  of  a 
H|inrt  developed  from  vithia,  and  of  one  formed  exlamally. 
Hffihia  Inbyriiil})  is  dc-vi'loiK^d  u]ion  the  hollow  protnidnl  part 
^Nf  fite  brain  which  forms  the  n;idilory  Derro.     It  appears 
fint  Id  the  form  of  an  elone^ated  ve^cle  at  the  lundor  part 
of  tho  head  of  very  young   embirees  atxive   tho  second 
BO-named  braiirliinl  deft.     From  it  is  developed  a  eeoond 
▼edcle,  tie  rudiment  of  the  cochlea,  the  convolutions  of 
which  are  tlien  fonued.     The  seiiiioirvular  canals  nr«  pro- 
dueed,  as  diTcrtictiln  of  tho  vestibule,  which  terminate  by 
again  (communicating  with  the  same  cavity. 

The  F.ufituchiaQ  tube,  iho  cavi^  of  the  tympanum,  and 
the  external  auditory  passage,  are  remains  of  the  first 
branclual  cleft.  The  membrana  tympani  diridce  the  cavi^ 
cf  this  clcfl  into  an  internal  spare,  tho  tympanum,  and 
the  external  meatus.  The  mucous  membrane  of  (he 
moutli,  which  is  prolonged  in  the  form  of  a  diverticulum 

•  through  the  EattiKhinu  tube  into  tho  tympanum,  and  the 
external  cutaneous  system,  come  into  relation  with  each 
other  at  this  point ;  the  two  membranes  being  separated 
only  by  the  jirojier  membrane  of  the  tympanum. 

DuvehpmenC  of  Uie  Alimentary  Canal. 

The  alimentniy  canal,  the  early  stage  of  whose  duvelop- 
ment  has  been  already  referred  to  (p.  746},  is  at  first  an 
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nnifomi  strnight  tubo,  which  grftduolly  Woinc*  (Und«d 
ialo  its  special  parU,  Htomadi,  small  intestine,  and  Urge 
intMtiDe  {&g.  239),  The  stomadi  originallj  has  iho  tauut 
diioction  h  the  Tc«t  of  the  canal ;  its  vahliac  vximaitr 
being  suporior,  its  pj-lonut  Lnferior.  The  changes  of 
poailioD  whid)  the  alimentary  oaaal  oadergoe*  may  be 
nadilx  gntfacred  &D111  thu  aooompAajring  figuzoa. 

A  B  Fit-  339-*  O 


ITie  principal  glands  in  connection  with  the  inteetisal 
canal  are  the  ealiraty,  pancreas,  and  the  liver.  In  Mam- 
malia, <uuih  MiUvuiy  gland  lir»t  Rp[>cars  as  a  Kmplo  cvul 
vith  bud-like  proceesee  (fig.  240),  lying  in  a  gelatinous 
nidus  <»  blttst«ma,  and  coinmuiucating  with  the  cavity  of 

*  Pig.  139.  Oitilinetor IhafotmMidfailtioiiiollhcBlJinenljiiycuwl 
in  ■DcooiniTo  (tdgcs  of  IM  dcTitlopmant  (frmn  Qualn).  A,  ■limmlur 
ouul,  Ac.,  in  an  onibrro  of  loMt  wwks ;  U,  at  «U  w*«lu ;  C,  >l  <l^ 
w«dM;  D,  at  tnawMkti  J.DiiipmuitW « luujtKCtuiuctxl  with  th«  iihuTUi 
i^tho stomach;  li,  duodenum;  i.tlienuKUiutatino;!',  Ili«  UrgE:f,  thi 
eoKUiu  anil  vcrmirona  appcndat^ ;  r,  th«  icctoin ;  el,  tn  A,  tha  doaou 
0,  In  B,  thv  anu*  distinnt  ftvm  <  >',  the  Hnnii  oro-gonitalli ;  r,  iha  folk 
Mc;  e  I,  th«  fJtctlo-intMtlnal  dnct;  u,  Uio  tinoaiy  Uadikfuiil  1 
leodin]^  tu  tUn  dUntou ;  g,  jfUiital  ducISi 
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A«  tbe  dftv^pmoDt  of  the  pUnai  Oidvmnce*, 
beoomM  man  uid  more  niuitiotl,  ituire«aui^  ut 


'SJJ 


— ^lO 


^>S>J 


tLe  expense  of  the  lilasteniit  in  which  it  in  «tUl  VDcloicd- 
The  bnuiciies  or  sulivury  duita  ronittitiito  an  indepondont 
(^tem  of  closed  tubes  (fig.  241).  The  paacreaa  is  developed 
vxMily  aa  tlie  salivary  ghmda 

The  liver  ia  the  embryo  of  the  liird  it  developed  by  the 
protnuion,  aa  it  were,  of  a  part  of  the  walla  of  tlic  ia- 
t«stia&l  cHual,  in  the  form  of  two  conical  lii>Uow  branches 
which  embrace  the  common  ^-enou*  irt«m  (fig.  242).  Tho 
outer  part  of  theBo  cones  involves  the  omplialo-ineMMitjiric 
▼ran,  vhich  breaks  up  in  its  intitrior  into  o  plexus  of 
cApiUariee,  ending  in  venous  trunks  for  the  eonreyiuioe  of 
th«  blood  to  tlie  heart.  The  inner  portion  of  the  <;onct 
foinns  the  celliilnr  strut-ture  of  the  organ  into  which  thfl 

'      *  Fig.  S4O1     Fint  nppnamico  o(  iba  {isralid  gluid  in  tlie  embryo  of 
B  Atap, 

t  Ki^.  141.     LobuJea  of  tho  jmrottd,  with  the  nlivarj  docti,  in  the 
embtTO  of  tbo  sheep,  at  k  more  «ilv«aoed  it^o. 
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liluuil  nmott  tortood,  and  ia  whidi  tbey  aro,  wiUi  the  dmtt. 
gndualljr  derdojied.  The  g:»Il-bUd(ier  la  dordoiwd  u  ■ 
dmrticnlun  Izom  the  hcfotio  dud. 


Dtvitopiunt  o/th4  tlfipiratoTy  Apparatiu. 
Hie  hinga,  «t  Ui«ir  Gret  dovetopment,  app«ai  as  ma- 
tnhvclM)  or  divratkiula  ftotn  Ute  Abdotainal  biu&oo 


* 


•I 


I 


*  Tilt.  243.  Ru>Iimeotiorth«lirerantheulwtiDeofa«bickUtl« 
KAEdarofinmlMiiun.  1,  bcvt:  3,  intortiitec  3,  diomiciilainar^ 
Intwttti*  on  irhich  th«  Itrw  (4I  i>  dtrcloptd ;  $,  put  of  Ui«  mvau 
kj-or  of  tli«  KFnniiMl  monibsuie. 

t  Fiff.  343,  iUij*lnri<«  tbo  dcptlqnnMitortharMiidMtartywgnii.  k, 
U  th«  it«>]iluigiu  of  B  dikk  nn  iha  foivtli  lUj  of  Inculwunn,  nitli  tbt 
ruJIuimla  of  the  ttarliM  «« lh«  Utng  of  iha  li^ft  tklr,  viraHl  Uterall;: 
I.  tb«  inferior  wall  of  Ui«  cMtqihtpu ;  li  Um  upp"'  w*ll  of  tli'  **'i" 
tabo ;  3,  UiB  nutiiiivnut;  lung ;  4,  Ilia  (Coiawh.  n,  U  Ibo  Muin  et^art 
•wn(ranibalow,aotlM(baUiluiigiM«viiilila.  r>  iknwttheUnigiMinil 
tWldntojofffLSiiorthtinnlitjnaora  lions:  i.th«  tiHix«a;l,llMbt;u(; 
],  Oil  Inuiiuw  -,  4,  tlte  Inngi  vwwud  from  Uio  oppt*  ridck  AfUr  lUUilw. 
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CMOpIiBgns.  They  are  united  at  the  antorior  part  <rf  th«r 
circnunfereDCO ;  aitd  licro  »  [ledicln  is  fiirme^I  n-hicli  bMomm 
elongntod  into  the  tmchoa  [nco  fig.  343,  i,  b).  8cM>n  alter- 
waidB,  the  Iuhr  is  seen  to  consiiit  of  a  mass  of  oteeal  tubee 
issuing; 'from  th«  liranduM  of  the  tmohea.  (Kig.  243,  C.) 
Tba  dimphni^^  it  curly  dcrrolopo*!. 

J%«  Wolffian  Bodie*.  Vtinary  Apparalut,  aitd 
Serial  Organ  I. 

Tlie  ^'olfficn  hodtc*  «r«  orgiine  peculiar  to  the  om- 
bryonic  state,  and  may  be  regarded  as  lemjMTttry,  rather 
thanTwUmeiHal,  ki<lney»;  for  allliuuKh  tltey  Boem  to  d!»- 
tJurg«  tho  functions  of  thwo  InttM*  organs,  tbcy  are  not 
developed  Into  them.  They  probably  bear  the  same  relation 
to  tho  pcniNl<!nt  kidney*  that  tho  branclilii!  of  Ampltibia 
do  to  the  lungs  which  succeed  them. 

In  Mammalia,  IhcWoUHan  bodies  (fig.  244,  W.)  are  bean- 
iihapod,  and  an  composed  of  tmnsveriio  enseal  cwnals,  united 
"by  an  excretory  duct  {it)  which  lends  &om  tho  lower  cx- 
tiemity  of  tlie  organ  to  llio  sinus  urogtmitalia  of  tlie  foi-tus 
(fig.  244,  u?.)  The  kidneys  (r)  and  suprii-rennl  capeulcs  («r) 
are  developed  behind  theui.  Their  aize  ia  at  first  so  great 
ihut  tbcy  niitiroly  ronceul  the  kidneys ;  but  in  proportion 
as  the  tatter  bodies  increase  in  size,  they  grow  relntJvi^y 
Bmallor,  and  come  to  bo  placed  more  inferiorly.  At  length, 
tornrds  tlio  end  of  fcetjil  life,  only  an  atrophied  nMiinant 
of  them  ia  left.  Their  ducts,  in  the  male,  are  ultimately 
dvreloped  to  form  tho  vas  doferena  and  ejaculalory  duct  of 
uoh  aide;  the  vesiculro  seminoles  forming  divcrticidu  from 
their  lower  part  In  the  female,  the  ducts  of  the  WolHiaa 
bodies  disnpiicar. 

The  testicles  or  ovaries  are  formod  ind^pimdontiy 
at  the  inlemal  excavated  border  of  these  organs  ;  and  nt 
first  it  is  not  poasihle  to  say  which  of  them — the  testicle 
or  ovary — the  new  formation  is  to  be^'ome.  Oroduitlly, 
hoivever,    the    B|iecial    churaoteis,    I)olonging   to    one    of 
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then  MedBwlofed;  Md  ta 

b*giM  to  BaBB*  a  nUtirdf  lovar  p™*"*!  is  tk*  bodf ; 
ihe  oratiM  btiag  dtiwtilj  pbnd  a  As  p^*»; 
tovMik  Oa  ^  rf  fatal  ■lirtiiiiii    ^  tatie^ 
into    ths    KxutsM,    (ba    lealicti    ■■tRBf    tfas 
iagmaal  mg  im  tk»  tmmA  mtmA  et  fatal  li^  tmd 

footh   of    pcriMOMUi,    Oe   yn 

OT  Mfow  otnwng  «f  lb*  ogn:    A* 
betwwn  Ihft  tniM  v^liM&i  ad  iba  tmntftt  ite 
I  tiiiifl  rliMiil  fwiTy  ■  ArwT  riMm  tiiJii  tiiiTli      Ib 
I  tfa  twfiBli  OT  gniTaf  COSH  ntaa*  (fa 

BV^^  BBb  ^tapnttCl,  BlIlM  <BB  ■^(00  to  it 

wh3s  IB  tfa  babsr  n^oa.  tad  vhkh  «r»  cespdM  to 
Mknr  it  »  to  ipcak,  ■■  il  wamimtm  >  low  pcrftfai  in  Ifa 
bodf.  li— »tfa  wrpUiMtira  fl<  ifa  utfaiBMB  *WBgB fat 
of  ifa  ocigia  c(  tfaa*  pvta  at  m  mmUmiUb  b  difaan 
ftWB  <fa  fl«ym  to  wtath  tfcgr  «m  diitrilwtad, 

Tlw  BtMBs  by  whidi  tfa  dMMst  cf  Ifa  taMadn  isto  Ob 
BtToOm  u  eOected  b»  bM  ftil^  aod  oiBctff  knowB.  It 
wia  focBMitr  UmvkI  tfat  B  aMBbrBBDos  Bad  fB>i^ 
irt— ^'■''  coed,  eaDed  Oe  jiiimandBw  Utfia,  wbkk  tstmit 
vUk  lb*  titirtft  Is  yvt  It^b  m  iIk  abdoBen,  from  fa 
l(nr«r  pert,  tkmi^  tfa  BMonriBBl  wall  (in  tfa 
at  tfa  ufifad  cnal)  to  tfa  faait  at  tfa  pubw 
lowir  part  of  ifa  KTOtsm,  «M  di«  Bfcat  bjifa  i 
flf  vbidi  tfa  dantst  mm  «faGlad.  It  a  now  ^meaiBj 
bdMVBd,  bovwtt;  OitiKkiBBat^cMo;  and  tbat  tlia 
AmmAet  tfa  tartidB  aad  otbij  b  tatfar  tfa  imbIi  rfa 
g«BenlpcooMS  of  dtvalofBaot  ib  tfaM»  aod  ao^baBriB( 
parti,  tfa  UDdwwy  «f  wbidt  ia  to  prodaea  tlu>  rhaiy 
in  tfa  nlatnv  pOHtioo  of  tbcae  o^aa^  In  otliOT  wonii) 
tfa  dtacnt  ia  BOt  tfa  icnh  of  a  ma»  mwffaiifaBi 
•Otiiai,  by  vhidt  tfa  vgaa  is  dngged  down  to  b  bver 
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posidoD,  but  rather  one  chuif^  out  of  many  vhicli  attend 
the  in^dual  derelopment  aud  ro-arrangemenl  of  these 
organ*.  It  may  bo  nspeatcd,  tiowerer,  that  tho  dvtaiht  of 
th«  prooem  by  which  tho  descent  of  the  t«aticl«  into  th« 
ecroitim  U  effected  are  not  w^curfttely  knovn. 

Tlio  honiologric!,  in  the  fumnle,  of  tlie  gubcmaculum 
testis,  is  a  etructure  called  the  roimd  Utfamenl  of  ike  utena, 
which  esteuda  through  the  ioguiuul  cuuiil,  fn>m  the  outvr 
and  upjivr  piirt  of  tho  utoru»  U>  tho  subcutfinoous  tissuo 
in  froDt  of  the  symphysis  pubis. 

At  ft  very  early  Ktiigti  iif  fuj4id  lifo,  tho  «ff>ireiit  dui;tit  of 
tho  WoUIiiin  bodios  of  tho  kidooys  and  of  the  ovaries  or 
tastes,  open  into  a  rooeptacle  formed  by  tJie  luwer  end  of 
the  allaiitoia,  or  rudiiuuutury  bliiddcr ;  and  lut  thia  com* 
nnnicatas  vith  the  lower  extromity  of  the  intestine,  ther« 
\3n  Ibr  tho  timo,  «  oommoa  reoeptaole  or  cloata  for  all  theee 
'  jpaxts,  which  opens  to  tha  exterior  of  the  budy  through  a 
port  correspondiDg  with  tho  future  onus.  Id  n  short  time, 
however,  tlie  inteaLioal  portion  of  the  cloaca  is  cut  off  itom 
that  which  lielougs  to  tho  iirinnTy  and  gtiuorutive  organs; 
a  Heparate  passage  or  canal  to  tlte  exterior  of  the  body, 
belonging  to  the«e  pnrti,  bi-ing  called  Uin  linui  um^tmiulm. 
Sttboequently,  this  canal  is  divided,  by  a  process  of  divinos 
extending  from  before  backwards  or  Irom  above  down- 
wuds,  into  a  '  pars  itrinaria '  and  a  '  pare  goiiitAlin.'  The 
fimaer,  coutiauous  with  the  umchm  (p.  749),  U  converted 
into  th<>  urinary  bhiddor. 

'I'be  I'allopian  ^tubes,  the  uterus,  and  tho  vagina  aie 
developed  fniin  two  tlireads  of  blastema,  called  tho 
Mullerion  ducts  (fig.  244,  m),  which  appt^nr  )in  front  of  tho 
Wolffian  bodies  at  about  tlie  time  that  these  begin  to 
dumgo  tbttir  loUtivo  {Hisition  to  noiglibouring  part«,  and 
to  decrease  in  %\ie.  The  two  Milllerian  ducts  are  united 
bdov  into  a  niiiglu  cord,  called  tlio  genitat  cord,  and,  from 
this  ore  developed  the  vagina,  as  well  as  the  cervix  and 
the  lower  portion  of  the  body  of  the  uterus ;   while  the 
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onanil^d  portion  of  tlie  dti«t  on  each  mAd  fbniui  tb«  ui>pnr 
IMtrt  of  the  utems,  and  the  FoUoptao  tube.  In  certain 
tMiea  of  nrraeted  or  ahiMnnat  dsreilopineti^  theae  ; 

"  Pig.  Z44. 


of  dio  MtiUeriaa  dacts  nuij  not  1)«oonie  ftuod 
thmr  tower  extremittes,  and  there  ia  left  a  deft  or  honwd 
coaditioD  of  the  upper  part  of  the  uteiua,  feeembliny  «  ooo- 
dltioa  whicb  ia  permanent  in  certain  of  the  lowvr  animala. 
In  the  male,  the  MaUeriaa  dncta  have  bo  epecial 
fiDMitMMi,  and  are  but  slightly  deT^oped :  the  small  psoeU- 
He  pondi,  or  nuiu  foeularu,  forms  the  atrophied  ranaaat 

*Flg.  xw-  ni*g7«ni  of  thr  VnUE*D  1>oiIica,  Mlllltina  <lBcla  leJ 
e^jawM  pwtt  pnwiai  to  arital  dktinctkai.  m  aeen  6«m  litfon  (b«n 
Qaaia).  n-,  ihs  Mi|«».n(uil  bodwi ;  r.  the  kidncj*  i  <<;  wwiwiea  falai- 
loaaiiranrinM-taitkl**;  W.  VaUBubodlai  «,  WoIOm  ^Mta; 
M.  R,  UUkriaa  Jeeta ;  gr,  nsltal  eorj  ;  n^  ainn  ■ngraltaBt ;  t 
MMiM;«t,. 
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of  ths  g;enital  cord,  and  is,  of  i^ouran,  tlioroforo,  the  homo- 
l^ue,  in  the  loalo,  of  Uiii  vugiiui  and  utonu  iu  the  femsle. 


^^ 


The  external  pnrts  of  genoration  nro  at  first  tlie  same  in 
botb  nexFS.     Tho  o}>cnlDg  of  tlie  g^nilo- urinary  apparntiis 

*PIg,  m,  Uriuwiyuid^iicrativDotgntuof  a  humaii  fMiinlo  eiiilirfOk 
"g  ii  iudira  in  li'Ujrth,  A,  sFiionJvicwofthi'ai!  pnrtt;  l.mipta- 
opnilcii:  2.  ktdncyx;  3,  ovnr;;  4,  r>11apbn  tube;  5,  utenu: 
6^  tntatino  ;  7,  the  bladder,  n,  lilkildcr  and  t(oncntlivn  ori[ui>  of  tho 
•nincctii!jifori«WR<lhi>in  the  tl'U  ;  ii,lhiiurliui7bladilcr  <(t  thcnpprr 
pirt  is  D  portion  of  tho  xirnrhii');  i,  iiwlhw;  3,  ntanu  (wlUi  two 
comiu) ;  4,  viginn;  5,  jiart  ut  y^it  I'oiiiiunD  to  th*  n^nn  ud  urtthra; 
6,ooniTni)n  ottficdortlLii  uriiitiy  ojiil  gviisntira  orguu;?,  Ih«  cliluris. 
1:^  lul*riial  Ki'Liemtivi'  orKto*  of  the  niiiu  pnibijo ;  1,  tlio  ul«riu ;  t, 
th<^  rouuil  ligniuguls  ;  3,  Itie  Kallupiiiu  tiibei  ^formed  by  thn  Hdtlorwa 
ducts)  1  4,  tlio  ovnrica  ;  5,  tliv  rumnini  of  tlie  Walffiiili  bodipL  n,  ex- 
tenul  geDentira  t<r};uu  of  tbo  uma  ciabrfo  ;  1,  tlie  labia  tni^onii 
3,  tlio  Dyiiii^hui ;  3,  tli«  cUUtit.    AHsr  UliUir. 
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in,  in  both  aextta,  bounded  hy  tiro  folds  of  nkin,  whilst 
{rant  of  it  thoTO  is  formed  a  ]M'Di«-lil(q  body  nunDoimted 
bj-  a  gtans,  and  cldt  or  furrowed  along  its  under  siufi^fl 
Tb«  bocdont  of  Hut  furrow  diverge  poatAriorly,  mnningiP 
th«  ndM  of  tbo  goRilo-uriauj  oriflco  intoniallf  to  ihe 
cutaneous  folds  just  mentioned  (see  &g.  345,  B,  d).  In  tlie 
female,  tliU  body  bucumiug  Ktnti-tvd,  fonns  tlic  i^litorig, 
uud  tlic  mugins  of  thn  fiirruw  on  its  andsr  surface  ai« 
ronverled  into  the  nyniplui>,  or  labia  minora,  the  UbiA 
majora  pudcndu!  being  constituted  by  tlin  great  cntaneons 
fold*.  In  the  male  fintus,  tli«  nuutgins  of  th«  furrow  at 
tli«  under  surface  of  the  penis  unite  at  about  thn  four- 
teonth  wixtk,  and  form  that  port  of  tho  urethra  whicli  is 
included  in  tlie  penia.  Tine  large  cutaneous  folds  form 
the  Borotum,  and  at  a  later  period,  namedy,  In  the  eighth 
month  of  derelopment,  reooim  the  tmticlos,  which  descend 
inro  Uiem  from  the  abdominal  curitj.  Sooaeitimes  tho 
urethra  is  nut  closed,  and  the  deformity  called  hypnxpadias 
tht^u  remits.  The  appeamDce  of  hermaphroditism  mar, 
in  theso  osses,  be  incieased  by  the  retention  of  the 
within  the  abdomen. 


Tks  ilammary  Gland*. 

Tho  mammary  glands,  which  may  be  considered 
organs  superadded  to  the  i«<produetiTO  t^tAtaa  in  man  auil 
other  memliers  of  the  cliws  (Mammuliii)  which  derives  its 
name  from  tbcm,  nro,  in  the  essential  details  of  their  straa^ 
ture,  veij  similar  to  other  compound  glands,  as  ^| 
panoreaa  and  salivary  glands;  that  is  to  aay,  they  are 
eompoasd  of  larger  divisions  or  lobes,  and  the»o  un 
Again  divisible  into  lobules, — the  lobules  being  composed 
of  tho  follicular  extremities  of  durt«,  linod  by  glandular 
epillu'llum.  The  lobes  and  lobules  are  bound  togoth 
by  areolar  tissue;  while,  pduitrating  between  the  lol 
and  covering  tbs  gmeral  surfaee  of  th«  gluml,  wit 
Ui«   oxcu^tinn.  ut  *Cbft  itt^v^,  ia  *  oooudvaUo  quantit 


oth^^ 
wiSi 


the  sheathing  conoectire  tissuo  of  the  grmt  pccbirnl  mu«c]« 
on  wbicb  it  li«s.     The  main  ducts  of  the  k'^'°*'>  fift«ui  to 


\ 


'  Flit  ^^-  Dlwvctloa  of  the  lower  iuUf  of  tho  fcinala  ""■»■»( 
duriirg  Uw  imtiimI  of  locution  (from  Liudtlui).  I.— In  tbc  Iclt'liinil  4dB 
«f  the  diiw*ot«iI  |>Art  llin  jtUniiular  lobu  are  gipowd  mid  pnrTully  UB* 
nveUdi  1  tull  uu  Ibv  riKl>t-liHli>i  ■>'!'>■  t'l"  glaiKliiliir  mlii^taiicn  liu  Ihwii 
mnovnii  laibuw  tlio  nticulir  loculi  uftliK  riMincrtiic  lluiio  iu  irhMli 
tboglmiJulor  lobulM  ore  placod :  I.  up[>cr  part  of  the  miinilln  or  uipple;  a, 
UDoU;3,  mbcnunroiu  mosHiof  fnl;  4,rT:t)BuUuLoculiorili<GDuneetiva 
Ilatiin  whii-li  hii[i[>i>r(  tlio  Klan'IuUr  sututaim  Mul  contiUD  Iba  taxiy 
nwMM;  5,0110  uf  Uirvu  luvufuroiia  diiKlx  4hDiia  pniunK  toiriiRla  Ibo 
inin^Ua  whrn  tlify  o[>tiu :  6,  one  of  tlm  «lnu«  Uclc!  or  inMrroin  ; 
7,  MOW  of  thi-  giindnhir  lobnlci  which  luvo  tw«a  unnvcUcd;  ;",  other* 
U»»ei  toffdhct. 
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tventj^  in  nuinber,  calldd  the  lacli/eretu  or  galactojitoma 
(luctA,  oiv  formiid  hy  the  uulou  of  tliv  tsroatlor  ducts,  and 
opnu  by  small  separate  orilicra  tlirough  (lie  mpiile.  Jon 
beforv  they  euhs  ihe  base  of  the  uipiile,  thusu  ducta  ait 
dilated  (6,  Sg.  346) ;  and,  daring  lactation,  tiie  period  of 
aetiva  sectetioa  hj  the  gUnd,  ttiey  form  reaorroin  for  the 
milk,  vhidi  collacts  iu  tltuui  aud  diytnods  tbcm.  Tito  vallii 
of  tho  glaod-ducU  are  fimned  of  areolar  and  elastic  timie, 
and  are  lined  iutcnalljr  hy  a  fine  mucous  meoalaane,  Hbt 
Boi&oo  of  wliidt  i«  Gorered  \>y  wjuamous  or 
epitholium. 

Pi9.  H7-* 


Tim  nipple,  which  contains  tbe  tenainatiow  of 
lactJieroDK  ducu,  is  coinpotMrd  oImo  of  anolat-  ligetie,  sad 
contains  uiurtripoil  muxniUur  fibrea.  Ulood-r«§&pla  are  also 
fteetjr  suppliod  to  it,  ao  us  to  grivo  it  a  Fpccios  of  eiM^ 
structure.  On  it«  surface  arc  very  seueitiYe  papilla);  and 
around  it  is  a  small  area  or  areeta  of  pink  or  dnrk-tioted 
akiu,  on  which  nn>  to  lie  socn  small  x»^ic<^oiiA  formed  bb 
minuta  secrvtiag  glanda.  ^| 

lilood-Teasels,  nerres,  and  Ijinpliatics  are  jJcmtifiillj 
supplied  to  the  mnmmiuy  glauils;  tho  calibre  of  the  blood- 
vesseU,  as  well  as  the  sizo  of  the  glonda,  varjiug  T«y 


*  ES^Ml-    Q>\^tn£«&va^'auX0uoIifia>At>M'tuiikY'. 


COMPOSITION  OF  MILE. 


78s 


groatljr  under  certain  conditioDS,  fispocinlly  thow  of  prvg- 
BMXixj  and  lactation. 

Hw  «rcroti»n  of  milk,  whitili  niiiW  (irdiniuy  lioiilthy 
(jreonurtaiiices  onljr  occurs  after  parturilion,  if  wo  except 
the  slight  secretion  which  t&kea  place  to  the  latter  months 
of  prognniuy,  ia  ttfFocteil  \>y  tite  epitti<'linl  cnllit  Uiiiiig  the 
oltiiBato  follicles  of  tho  mammaiy  gland.  The  procoes  does 
not  differ  from  nocTctiou  in  gluiids  gonvrally  (itue  p.  404), 
and  need  not  here  be  particutFtrly  described. 

'Under  tlie  micTOMUiie,  milk  is  found  to  contain  a  num- 
Wof  globtil«8 of  various  sizo  {&g.  247),  thomitjority  al>aut 
yjjyy  of  (U  Inch  iH  diameter.  They  are  compoBed  of  oily 
matter,  probubly  coat«d  bj  a  fine  layer  of  albuminous 
material,  and  on  called  miik-globuU* ;  whilo,  ucoomptwyiug 
aro  numerous  minute  particles,  both  oily  and  olbtt- 
mioous,  which  exhibit  ordinary  molecular  movements.  The 
mUk,  whiuh  is  socretoil  in  tlie  first  few  days  hIUt  parturi- 
tion, and  which  is  caJIed  the  (oioitmm,  dilfors  from  ordinary 
milk  in  coutaiiiiug  a  lai^r  quantity  of  *olid  matter  ;  and 
tho  microscope  are  to  be  seen  cortoin  granular  biomoc 
caEtecl  toloitrum-eoTjiuiclef.  These,  which  appear  to  be  small 
TililMm  of  albuminous  end  oily  matter,  are  probably 
MOvting  cells  of  the  gland,  either  in  a  stato  of  fatly  de- 
gVOeiatioD,  OF,  as  Dr.  Ctedge  remarks,  old  cells  which  in 
their  attempts  nt  aoLrotion  under  tlio  new  circumstancM 
o(  aotiva  n«od  of  milk,  ure  filled  with  oily  mattor;  which, 
boweT«r,  being  unable  to  discharge,  they  are  tbsnuelves 
dMd  bodily  to  make  room  for  their  suooesaorsi. 

Tho  specific  gravity  uf  human  milk  i.t  about  IO3O.  Tta 
chemical  compuution  has  bocot  alroady  mentioned  (p.  246). 


matt« 
■  mate) 

^'iniDoi 
mUk. 
H  tion,  I 

Hmiiki 
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piMmn'of  Mood  is,  154. 

TahMof.  toil 
action  ef,  115. 

faw  of  ai«|Kratofy  effwu  in,  «& 

Apntlexf,  <Secto<rf,  S33.       ^| 

wilbertMifWBlpiB,  Ji^    ^* 
AnmdicM  apphoor.  799- 
Ap]iN»dix  vtniflbnui^  jogi 
AqnccidiicinL 

CDchlnr,  677. 

TOftitmn,  vjvi 
Ai]u«iiii  hninoar,  643. 
Anha*.  TJKitntl,  761. 
Aim  RtnniiMiiTa,  743. 

polTaoida,  743. 

raicnloML  jm. 
Anola  of  lUppK,  }S(- 
Atnilar  tlMUii,  35. 

hncdoea  otf,  37. 

■iivitiana  when  finrnd, ; 
Atterisi^  lOC^  133- 

nlibn  vt,  how 
Ul- 

eoataei;  13J. 

mnacalar  o«atia«tion  i 

«tbaofeeUaa,  13!^  '»- 
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Aitcrie^  t^iUitnud. 

effect  of  division,  13S. 

of  <l*cIr>i-iriiiKnvti«ui,  140. 
^Udty  al,  IJ5. 

pnrpMU  or,  ii. 
douffUion  uut  diUUtion  ui  the 

pulw.  144. 
fyne  u(  blood  in,  154. 
iMueakriiy  or,  113. 

MJdMicc  or,  13S. 

govtnud  by  nizvou  aritwn, 

•4a.  575- 

pDixMo  or,  141. 
BKrmol;  144. 
offlotoi;  134- 
[lalMin,  14}-    SNpube. 
MraDtnit  ol,  i^. 

distinctions  in  Urjp  and  inwll 
■tuiiu,  133. 
intaniic,  103. 
nlodly  «( liliMil  lo,  15J, 


HArtiealw  cuiiluuH,  41. 

ArtkiUita  souiiJi^  cliuailicBtiDn  of, 
G19L      £k  Vowoli  aud  Conio- 

(nuts. 
Artifieul  dig«itive  Raid.  17S. 
ATTtaiboiil  oartiltgo^  60S. 
effect  of  ft|iprnKlRmti«D,  613 
movEincnl*  of,  60S, 
miueU^  608,  AoQl 
AapfayzU,  ti;. 
«mie  oTilnith  in,  »S, 
«iperim«nts  ou,  »;. 
MMntiil  cauH  of,  131. 
Aaunilfttion  ot  mainlfiuanc*, 
of  blood,  93. 
DUIritlvt,  374. 
AtHKMpliariv  Kir.     Su  A!r. 

tpttnuia  ia  tektioa  WrMfunliou, 
Atroplty. 
L  IMB  dafldent  blood,  38^ 
r  ft«a  iBMil^d  URH,  3^ 
iHntfan,  InHnenw  ol^ 

00  HfUktiOB*,  62&. 

oa  siMcial  winMii,  65S, 
luditory  CBOal,  671, 

fnnctiou  of|  680, 
Auiiitory  uiirrs,  679, 

disltibutioii  of.  679,  69a. 

oBccU  oS  irtitatiDu  of,  697. 

Abtw  of,  475. 

Miunbilily  of,  691. 
bAuiiola  of  MT,  671, 


Auricloiof  hnirt,  )<». 

outiou  of,  109. 

eopaciiy  0^  i»8. 

di:vclopiuont  of,  765. 

dilaliilion  of.  113. 

forcci  of  can  true  lion  of,  1*7. 
Ailt-cyUniUr  nf  n^rvo-Hixv,  4^7. 
A(Ol«.     Si<  Nitrv>j;eu. 
AwtiMd  piioaiploii  ■■. 

& 

BoTTtoDo  Tcdea.  61$. 
Bs»maut-iii«mbrau«, 

of  muooiw  mcmbnutc^  400 

of  Ncrottiiit  HMinlinuiei^  39;. 
Ban  vmoo,  614. 
'  Boiuwio  acid,  TaUtlou  to  hippurio 
nnid,  45S. 
IliciuniJ  Tuve,  to;. 
Bil*.  3". 

aniiatftje  jiowtr  oC  331. 

cnlounnic  iiutlor  of,  313. 

oolouriug;  KTOiu  teuntioni,  397. 

aomjiuiiittoi]  of,  3x1. 
eUDWttacy,  31  J. 

digcitiTc  tiropcrtici  of,  330. 

excremtDtition*,  UT. 

fatmadouaiiableofaMOr^otD  br, 

fiiDoiiont  of  in  dij;««tinu,  350. 

miiturs  with  ohfuie,  331!. 

Diucua  in,  3^4- 

a  natural  pnrgiittrtv  3JI. 

proccM  afKcntion  of,  31& 

pUTpoKa  of,  317. 

in  nlation  to  aninial  baat,  379. 

iliianlily  ucrclsd,  327. 

re-aliBorptii.u  of,  3iS,  331. 

i«liD«  u»n8litiii<rtu  n^  3x4, 

aecrntiuii  aiid  llov  of,  3J6t 

(■eention  of  ia  fteliu,  3IT, 

toata  for.  315. 
Bilio,  3J3- 

ro-«biorptioQ  of,  518. 
BltlTcrdin  and  iUlifuliin,  334. 
Bipolar  iiarta-corpuiut**,  474. 
Bird*,  tlnlr  tdgh  lanporann^  335. 
Birtli,  1. 

Bladder,     niiuaij,      St*    Utiatrf 
Bladder. 

BlMtemn,  30. 

Blnatodarmic  mnmhrano:.  74I. 

Bleeding,  ollocla  of  on  blood,  84. 
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111«>d.s6-9& 
ailaplation  of  t«  tfanie*,  381. 
•ilwiiula  iiiiiply  UKOMi;  ur  Ml- 

albwiMn  of,  MX 

UM  of,  9J. 
■iMtmliiiD  of  by  duoMC,  9(. 
•inmonia  in,  ^ 
■iiimal  fomuu,  how  alToeted  I?, 

J84- 
■rtmil   uid  vcooiu,   iliOcrcacu 

bctircvn,  S5.  S9,  2ic^ 
BSdmlUktiini  of,  94, 
CMdu  <n,  Sl 

cluBiEM  !•  by  itqilntioii,  tl?. 
chamTcal  corajiotitioii  i>t,  68. 
cirenlMion  i^^.  Set  CirunliitioiL 
(iM^Utiau  ur,  6a — 65. 

GiTCumiitMuco*  ioflacEtobg,  66. 
eolonrof,  s6l 

ebtaxgidhf  nstiinitioti,  3ii^ 

<Ufl«rano«i  In,  §5. 
rolaarinK  maiun  iti,  83. 
cutoixHiiir  malWr,  nlaliion  U>  t^l 
of  till*,  3*3, 

ooiu  )»ml  with  Ifniph  Mill  cljy  lo, 
3S7. 
OMnpoutiou  of,  chemical,  6S. 

ph^ical,56. 

TMJMtiona  in,  Sj— 89. 
raiiiIitJcauBCw«sat7  to  tiiitritian, 

carpQiKlM  or  ecUi  of,  69 — 78.  Stt 
Itland-corpniwict, 

Wd.71. 

whlt«,  A 
rmUn  aiul  enktinlii  In,  8>. 
iTTitaU  oL  74- 
ilaTBlopnoat  of,  90. 

&«m  iTinpb  or  phjrlo,  93. 
•xponut  to  air  in  Iqiiki.  193, 
oxtnetivc  manen  of,  83. 
latcf  nutura  in,  81. 

uw  of,  97. 
nbrin  of.  Si. 

Mpuittloa  of,  14,  $5. 

DMcJ,  96. 
forev  nfln  artarim,  15$. 
lotTDttti'iu  of  ill  liror,  92. 

iu  Biilceii,  4ti. 

(IKKM  ID,   89, 

(iluui^  b;  rtijilnttoo,  sia 
of  Kwtrie  and  moMUMic  nins 
>i7- 


Illood,  CM^taM^ 
j^obnUn  ct,  74. 


^ncoH  or  araiie-niptr  In,  1 

firowth  and  maintcnnBce  od 
iKiTialin  ur  cinorin  of,  76. 
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h«patie,  cltaraetcn  «{,  at. 
bippuric  aoiil  En,  S3. 
inorpaiiiomnMltutnta  of^  I 
laetie»ddin,  S3. 
mautnul,  57(  737< 
moWuUa  or  gnmule*  In,  7& 
nioTCRvetit  ot  in  oapmariua,  161, 

In  lungi,  109. 
udorllemua  niatt«n  in,  83. 
odour  or  halitiu  »t  S?- 
portal,  chanctm  ol,  St. 

iniriGoalion  of  by  lifer,  ; 
^ointity  of,  58. 
M^obwiption  of  bUc  bto, , 
Nnctioa  of,  J  7. 
i«Ution  of  to  lympli,  3^1, 

to  (ocrrtiMu.  401,  ^H,  • 
of  r«n»l  voin,  89. 
■allaa  conkiituciili  of^  Sx> 

uaM  of,  97. 
tenunoC  19. 

omnFomd  with  mcrttioa  < 
loiu  menibrnna,  397. 
»p«dflc  gravity  ot  S7- 
iqilenic,  cliaraclan  of,  S&. 
*tniRtiml  oompmitioo  of,  . 
anpply  of,  adapted  In  uch 

■43- 

to  bribi,  i8t. 

□fcsMarr  for  nntfiti«a,  384. 

nwjduary  to  (BCMtloB, . 
lemjwiatiiiv  ul^  57. 
ntra  in.  S3. 
uric  acid  in,  it. 

BiCl  of,  %. 

varialioui  of  in  dilEmBt  < 
■tanOM,  83. 
i^  ditfcTsbt  jiart*  oTbodf,  tf, 
waUr  is,  79. 
]Jlooil-oer]iD«da*,  rod,  durtden  «!, 

chcmicul  oom[K«itI<in  of,  74- 
dcvolopnii-iit  of,  90—91,  3« 

in  Ui'tr,  1)1. 

In  iplwQ,  411. 
lUaintagralioii   Mid 

4*4- 
di*«r«itl(«  of.  71. 
inoraawnt  of  iu  cupUkritt,  ifj. 


I.  384. 

1 

tdnW 
adenti; 
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onrputde^  rod,  torUinuid. 
liiAiDg  of,  6i. 
tendancjr  to  ulhtre,  in,  71. 
n>ei«(  98. 
Blo«d>Mrpi]v-1(i«,  nhttiv  76, 
miBbolit  inuvenwDte  of;  78. 
(bnmtiou  of  in  iplemi,  41a. 
Blood-aysUU,  74. 
Blood-rene^ 

>lwoq>ti<ai  by,  367J73. 
dTcimutanrM  inluiimpitiif,  37s. 
difffffocc  from  lymjihubn  «l>- 

»or[>liiiii,  367. 
oHuotio  oliami'lur  of,  368,  370. 
npiilllyot  37". 
kroaoT,  iCl. 
comuiuiicatian  with  Ijrapluitim, 

ilerolupmcnt  of,  763. 

iiiDurnoc  of  ncrVDUx  lyitnm  on, 

of  fiUocnti^  751. 

rvlalinn  10  woretion,  407. 

thnro  ia  uiitrtliou,  383. 
Bon  ft,  4J, 

mialicnii  of,  47. 

cmncdlouH  attucture  «(,  45. 

Mntpoiitioii  of,  ib. 

derdo^iineiit  of,  49. 

HiTwrntn  caatiii  «f,  48. 

UcuBB  of,  47. 

bBMlLaoi;4S. 

ptil«at«um  ot;  46. 

itnidure  of,  45. 
BoQc-euUi,  compoaitioQ  of,  18. 
KoDM  or  oBicIci  of  ear,  674. 
BouM,  f^wth  of.  37J. 

nutrition  of  3&1. 
Boji,  voice  of,  615. 
BrUD.    £m  C«rali«llmu,  Corobrani, 
Pons,  vte. 

ojiilUrin  of,  159, 

CireulBtiQU  vf  bluoil  in.  iSo. 

i]oTclo|)munt  of,  743,  773, 

diHutt  of,  with  Atrophy,  3S4. 

influence  OD  hmrt's  iti^tion,  12S. 

qnmitilyof  bloml  ia,  iSj. 
nicitthin^>aii,  lot. 
BrMtliiiiK.    Sf*  Ki»i>ir»Ii'>ii. 
Hrouchi,  urftngninaut  aiid  tlnictutv 
Of.  1S9. 

mwcnluity  of,  207. 
BnmdUil  aricriui  und  voiiu,  109. 
Bnmii'i  KlnniU,  305. 


Buccinator  mmcle,  nervona  "uppJy 

of.  S+t- 
[tilffy  emit,  fonnalion  et,  61,  73. 

jlulliin.  iu-l<rirji><i»,  7Wi. 
[tumv  luucmw,  396. 

C. 

CiMum,  311. 

i.-1intigM  of  fooi]  in,  341, 
(.'lUciaiii,  ulti  of,  in  buman  body, 

Cftlculi,  biliary,  containitiK  choJo- 
sti^rln,  11' 
ronlniniiikt  vofijior,  314. 
f-'»lcul  iL)i,ruiliHtiau  of  scQuallon  from, 

486.  49* 
Calnrifaciuil  fooil,  S^S. 
Cnlyepi  of  Iha  kiclm-y,  441. 
I.'alj'cifofni  jiapiUic  of  tongnf,  701. 
(-'uial,  fllimcnlary.     Srt  Stouucli, 
Inltiiunc,  fi<\ 
oxtoTiui!  unilllory,  671. 

faniHioQ  of,  6S0. 
on),  610. 

of  R|iiiiid  coni,  493. 
■piral,  uf  coclilra,  676. 
Cuisliculi  of  bone,  47. 
CoDuli,  tUvcnioD,  48. 
poitiit.  316. 
umidmilar,  676. 
funcdun  uf,  6S9. 
C&ucfiUoM  texttiTu  uf  lion*,  45. 
CBuauity  of  obest,  vital,  301. 
how  invnaoed  «  dinuiutlMd,  19J 

-199. 
of  heart,  tij. 

Cajiillaries,  lOC^  155. 
clroulntian  in.  160. 

rate  of,  t6a. 
diiilnictioii  of,  "64. 
di<v(itqicuaiil  uf,  764. 
diAmvtiTof,  ijO. 
inlluvnca  of  on  cirealatloDi  ttA. 
lympliatic.  349. 
network  of,  157. 
number  of,  159. 
pftBuura    uf    coT|iiuele*   througb 

wallii  of,  164. 
TMi!>tnncR  to  Hon  of  Mood  in,  ifil* 
Mill  Uyvr  In,  163. 
BtruclUM  of,  15(1. 
lyBleniic,  103. 
oflung^  193,  109. 
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of  muMil^  }8Gu 
of  >toiaM,  a;  I. 

Oi^mUca,  llatpi^iMi.  44^ 
Cuban,  nmon  nwjtli  «tjgmi  ((■>■ 

ilucing  iiMf  ^3^ 
Cvbonif  u:i>l  in  ■tnoqdierBy  2101 

In  blood.  S7,  E9,  319. 

olTrct  at  la  iiiojncuv  uplifxik, 

•iIuIm  (hnn  Aid,  434. 

InMfMi  of  (n  bmtlud  air.  111. 

latuag*,  3o8l 

fa  nkticn  to  but  of  boJv.  ij6. 
Ctediae  oriEoa^  ■ctioa  ol^  387. 

^iliiDeUr«^  333. 
idnatitmln  ramhiB^  t^a 
CndMC  btiaDcliiA  oC  MmuucMMtric 

nwM,  558. 
OndlQpap^  113. 
CuiiToniua  Miiiuli,  fc«d  <i,  146. 

Mniw  <J  nnaU  U,  6j^ 
(*KiUg".4i. 

MttenUr,  43. 

cdluUr,  41. 

chondrin  oliuloeil  6«a,  it. 

(loitii'.  41. 

fihr-tuii,  4j.    Set  Fibro-ouuli^. 

Iiynlhii^  43. 

luslrix  of,  ih. 

owstfiMlkm  in,  49. 

pvrioliODrlrivm  a(  4a. 

pennviciit,  41. 

Kractorcol^  Ul 

»«>»I«»«>T.  4'.  4J- 
1MM0C44. 
neUtlM  uf,  41, 
OutiUgv  ol  «xicniBl  «M,  OM  in 

hMting,  6$x. 
Carlitaicai  of  Iutiu.  £07. 

of  riU.  olwtidtjtj,  19SL 
Ou«in  in  blood,  ^ 
Oatalftie  proeoN,  1791 
Cauda  oqiiin*.  49a. 
QuiilBti  uB^lioD-oorpUMlw.  4JJ. 
CalU,  prinikry  ur  eltnwntaty, 
OMtuitioD  of,  35. 
«onl«nt*  of,  Mk 
dupe  ot  iL 
nnictan  of,  3 1. 

Sk  Blood-wqnuclM. 


d 


Calli,  cMtflM^ 
epitbdiani,  Z9-34. 

IjlUD. 

of  gUad^  31,  404. 
acUoi  orb ttcrvHw^  407. 

bcnatt  <f  boMh  47, 

■-Mid,  673. 

MT*at  coding  in,  471. 

«lfiK4otT,  633. 

(j««t,4ix 

Mitcowdi,  367. 
C«IlaUr  <aitiUft«,  41. 
Cellnkr  iiani«,  35.     5m  Ittaiti 

C«<nMt  «f  toMli,  SI.  53- 
CsnUM,   ncnssi,    "^  Sa 
OmtM*. 
of  oMiSotUea,  40. 
CtBtiifkgkl  nem-nbN^  ^K. 
Ccntiuttal  nerro-fibfM^  &. 
Ctnbdtno,  J34. 

<a-«TdInat«  AlMtiM  «dV  S>fc 
GTOMKUanof,  530. 
cOtcb  of  )^iQr7  uf  crwv,  it. 

of  mnaval  it,  537. 
fbattion*  of^  5*^ 
in  nktioB  to  **"— **ftn.  A* 

tonodoa,  tk. 

to  DOKuIu  mtif,  52& 

U  •■Hwl  pMtikn,  li. 
dncMntf,  514. 
Onctunl  dnniatlua,  iSo. 

pD^lia,  tunolioB  «l^  511. 

BtcQi^iliCR*.    Set  ConUmffi. 
Otrabnl  nnvM,  S38.  ^H 

nmngonent  o^ick  ^H 

thiril.  539.  ^ 

•ffscu  of  irriution  ani  li|)iv; 
flf,  i4. 

rtUtiou  of  to  Itii^  540^ 
fouttb.  (41. 

Kftli.S43- 
a  OMUiHtor  «r  nSec  ■ 

•fon*,  ^4& 
diinibutKai  ofL  $4^ 
•fleet  ofdivkiaa  ol£ ; 
iuflnRHM  of  ou  iria,  ; . 

ou  niniclc*  cf  ni-tliftllM 
544. 

on  luiucnbr  niovomtBt^  J4I 

on  oi^uiH  <4  Kpeciol  hmi 

,    .547.  SS**-      .  . 
Mfttion  cf  to  uutntion,  548. 
wttittHniPf  to  Kpiaal  nwro,  jt 
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ICtfttmd  nentM,  eBiOiiuud. 
mmIiIt*   ftuctiou  of  graaUr 
dlvitton  «f,  545. 
■Ulb,  541. 
COUnuiiiratioii  of,  With  ayin- 
uTMiih.  S«  Aodiiory  Sorre  Mid 
Bghtli.      S«   Glomo-phniTnawiI, 
I'ucuinoautric,  lUid  S|iliiik[  Ac- 
Cc«M-ry  Xurru. 
ninlh.  5SS. 
_C««bro-«))miil  nerroiu  tjtlrm,  463, 
4SS. 
iltlliwncB  on  orgsnifl  life,  577. 
Sm  Bnin.  Spdiial  C'onl.  ola. 
ifarvKpiaal  Quid,  tTlatioa  to  dr- 
culaUMi,  tsi. 
ibrntn.  lu  itnictiin^  531, 
ooavoluliaii*  of,  33J, 
emn  <J,  518. 
(leT«l(ip[n«nt  of,  77a 
•ff«rl«  at  Itynn  of,  J]], 
fniictiuiw  of,  w. 
in  TelatioD  to  ii[i«wb,  ^}6. 
rektioti  to  mpiilul  fm-iiliirB,  5^ 
Cernmon,  or  enr-wux,  4^7,  67J. 
Chalk -ilonn,  456. 
Chainbcn  of  eye.  643. 
ChaTciMtl,  oburjitiati  of,  373. 
ChuoUiu  BcUoiu,   bow   jicrcoiiDil, 

ooiutHnltinnoftlu'  hiitnan  Ijody,  7. 
dialiiictiiiiia  Wlwiivu  uuiiiialii  ami 

Vt^tsblca,  4. 
■oviMa  of  hmt  iu  the  Iwdj,  136. 
•tiiDuli,  action  of  nvm»  «uil«d 

b)-.  477- 

ita  caMcitjr,  10 1. 

WnMCWntoflaiiiilratioD,  19S. 
luliirx^mraiorintiupiMtloii,  195, 
CbHt-uiitvt,  617. 

CliUdriiu.  rrsjiinlioD  in,  198. 
ChloriDe,  action  ouiK'gro'nakili, 439. 

ill  hiimuuboity,  17. 
ill  uxini,  46s. 


m 


Chlortifumi.  etheU  at,  5  IT. 
'kolwtcrln,  nroneniu  nf,  1 1. 
taWit,  yj- 
in  lilo"d.  Si. 
Chatidtiii,  pn>psctl«of,  II. 
Cborda  iloniilu,  744. 
Chorda  tj-mpiuii,  HO. 


ChoidN  ttndiitM^  106. 

Bccionof,  114. 
Clioroln,  751. 

vOll  <a,  tt. 
Choroid  co«t  of  ^o,  636,  637. 

UM  ot  pif^ent  of,  637, 
Chiomutiu  Dberraticn,  6491. 
Chyle,  34^.  3S7. 

■bsori.tjoii  of.  365. 

■nalyiii  of,  361. 

bilo  MBcntioTto,  33D. 

coagulation  of,  359. 

oomiamd  with  lymph,  361. 

coq>a«clM  uf,  360.    Su  Chjl^ 
oorposclcA 

oantwi  of,  34S. 

fibrin  of.  359- 

fanea  proiwlling,  353. 

DulecuW  haw  of,  358. 

propcttica  of.  U. 

qunnlity  founil,  361. 

mlntlon  of  lo  blouil,  ib, 
Chyla-corpnaclDit.  360. 

aoTvloliiiiiint   into   Llood-«orpiu- 

ChyuiB,  aSo.  337, 
alminition  uf  dtgortetl  ptiW  «f, 

chanitCB  of  in  int«*tiiiai,  A. 
t'icaitii.  cfTuct  of  DutritioQ  00,  3S9. 

»-iK  ih  578. 

CtluiiT  tpUhuliiim,  33. 

of  aij  poaM^w,  1B9. 

function  of.  34. 
Ctlinry  luotion,  33.  J  78. 

Bution  of  ill  broutiiLut  tiibn^  109, 

iadujicndcut  of  ncrvouii  «jnil«iii, 

nittiirc  of,  10. 
Ciliary  maule.  64;. 

action  of  In  adHptaliou  to  (lit* 

tanctM,  65a. 
Ciliary  )>rac«a*a,  63S. 
Circulation  of  bloo<^  99- 
action  ot  heart  on,  I09-Ii9>i 
agents  oonaonied  ID,  173. 
in  attiiric^  134. 

farc«  of,  151. 

Vflor.ity  of,  155. 
in  brain,  iSo. 
in  capillatiM,  tGa 

ml"  <i(,  161. 
roui'«'  uf,  100,  103. 
iu  croctile  itiucturca,  1S3. 
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Cireulntioa  orUood,  tmtituud. 
in  fiiitiu.  767, 
foicci  atrtinK  m,  lOz.  I73> 
inAaonoe  arrc([itntitm  on,  tti. 
poMliMida  of  lu  diflifRiit  put*, 

■8a 
|<orta!l,  100. 
[lalinoiuiT,  toi,  90S. 
lijvlrnili:,  lal,  103. 
Ill  vniiia,  167. 
air*cl*il  by  mtucular  prvMnn, 

Djr   rtiqnntaij  iiia*«m«otii, 

r*locny  ot,  1 7 J. 
velocity  of,  176. , 
CirvotuB  roDuiu]!,  750. 
CireumfcNntiiil  Ill-ra-orlllaKB**  44- 
Qniniivallat*  r«i'illH'.  701. 
CUaring  of  yi'lk,  procaa  at,  7^. 
Otft,  ocnkr,  771. 
Chft^  irUoeial,  761. 
Cliiuale,  nktjon  of  tn  hMt  of  Iwdy, 

3J4- 
Clitoru.  717. 
development  of,  7S1. 
an  creoUln  Kiriicturo,  tSj. 
ClotOT  ciujpiliim  of  U<i'»l,  (ia 
omtncTliuu  uf,  dl.    iie*  CuoKHla- 

don. 
of  cliylN  3S9. 
CoaffiiliitioD, 
Malbiunen,  13. 
of  blood.  60. 
ooncliiions  slfccting,  66. 
inHumo:  of  [upirHlioB  on,  319; 
thoorira  of,  6j. 

atckyU  iS9- 

of  lymph,  361. 
CxUm  of  tha  «>r,  676. 

offioo  of,  69Ck 
Cold-blooded  tuumal^  135, 

sxtBDtofrelUx  mavaacii  U  in,  J02. 

nteniion  of  tnuKtiUr  Uritabiliij 
in.  591. 
ConstenlciKulatioD  in  vein*,  171. 
Colloid*.  369. 
Colon,  309L 
ColoftmiD,  73j. 
Colouring  RuCun,  16. 
ColonrlnK  malttr  uf  bil«^  333. 

of  bloa<  74. 
«f  nriii*,  459. 
Mlonn,  ofiUotl  ^benomeuR  ol,  659. 


J 


Calnma*  nnm.  107. 

•ctioa  oC.  III. 
OoUmaar  epilhclinni,  31, 

layer  of  ntiiu.  640. 
CdlitmiM  of  mf^tilli  1  ~ 

Colttpint  of  (|^al  oord,  49a. 

hinctioiia  ik,  49S. 
Coinbinvil  ntoTtnunU,  offlcc  of  oote- 

bsUuu  Id,  s>7. 
CommiMiirs  nr>piD«l  oor^  49a 
ComolranpnUl  tir,  aoi. 

coloun,  660. 
Cuuotuk  671. 

iu>!  oir,  tSo. 
Conduction  of  impnaiianit 

in  mcdullB  oUonfls^,  513. 

is  or  thrnii^h  BorTc-cuitrH,  1 

ia  DarvA'tita^  474. 

In  njiLiuJ  cord,  495. 

in  tymyaOuilia  nsm,  571.  ] 
ConduoUin,  Derro-filin>  luv  4]| 
Con^oQivnite  gkod^  4O3. 
Cum  <-»acuIoH.  731. 
Coiiicnl  papill^,   joi. 
Coiuiuictivo,  636. 
CoiiiwcUretU*a*,'3S'    ^' 

TiMIM. 

rarpntclM,  37. 
ContoUiuita,  619. 

vuielin  o(  611. 
Coninwtili^, 

of  KtMUL  138. 

of  bronebul  tube*,  307. 
nuMCnLtf  tima*,  587. 
iofliianoe  of  aeriM  on,  AiJ 
Ccntnctioii, 

ofooiguUlcil  fibrin,  61. 

of  nnuouUr  lusne,  mod*  nt,  | 
CoBlnlto  roioh  614. 
Convolutnl  glandi,  403. 
Cuuvotuiioni.  Mcvlnid,  J31. 
Uo-ofiiiuiliau  of  inareiiwatc  oBe* 
of  oorcbellom  in.  p7. 

olHce  of  tflupatbcltc  fpiag&i  ia, 

Copiivr,  MiacddoitalaUBiontlntlie 
Imdy,  19. 

iu  UU,  J14. 
Cord,  xpiniiL    £m  Spinal  Co 

umbiueal,  757. 
Cordi,  IcndiDoiu,  in  heort,  K 

vorjil.    Si4  Vocal  Coldi. 
Cerium,  419,  431. 
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»yn  of  liy'it,  fi^a. 

niitHliiiii  of.  3S7, 
jiriitcctin-  fuLii'tiou  of.  645, 
lUiwtBiiou  of,  in  iniiwr(c<l  antri- 
tion,  3B7. 
aflor  injury  o(  fifth  ncrw,  ii., 

547- 
Corporn  Anntii,  toS,  119. 
pinifnliiln.  jjol 

lliiir  (»Tu-tiuli,  531. 
KtrUt-1,  5li> 

ttlFIt  luill-tioll.    til. 

C<ir}ini>  dil'niiiii,  I'Bicv  of,  536, 
C&rctHoeuiii  i*uU,  183. 

doQUnim.  525. 

Inteum,  717. 

of  hanuin  fRmaU,  728. 
pf  nuiniiiiittUD  iniiiiul^  A, 
of  nwiMtrHMim  uid  )>r«piuic7 
corupored,  731. 

i^anftfuaiini  urvlbna,  1S3. 
CorpuMlMi  i-r  UootL     &«  Blood> 
corpuoclM. 

ofeLylo,  3^9. 

of  (onnccti™  tume,  37. 

of  IjTnph.  358. 

Dorve,    Soi  ficrvii-corpiwcW 

PMcliiiftn,  471. 
Curl.icul  tiitialiuii'i'  »rki(lupy,  440. 

of  lyiujibulk' uluudu,  35J. 
Curti's  roils.  678. 

oOScB  o(,  691. 
Oo*l^  tyi>u  of  r^plnitioii,  19S. 
Con^diig,  inlluenco  on  circulation 
In  veiits,  174. 

nwcluiiljim  of.  Mt. 

Mawtlnn  In  iKryni  bcfort,  4S6. 
Cowjmr'*  xUiids,  731. 

olfict  tincrrtAin,  737, 
Cnvktd  vuin,  616. 
Cttmp.  4&4.  4|)S. 
Crftnium.  di^vplojnnont  of,  760. 
CncMmcnitiiia,  00. 
ttoatin  vid  Crcatinlu,  16. 

in  blood,  Si. 

in  Diinn,  460. 
frjco-nryuiiiiiil  mnsclo*,  C09,  Gio. 
Criculd  curtilifiM,  607. 
CroNi  iwtintygiii,  51J. 
Unini  rutvbrlli.  ^24. 

effect  of  iliridiiig,  S3a 
□f  itritating,  $16. 


Cnira,  ornifinuAl. 
Otrrliri.  518. 

rifi'cia  or  liividing,  $30. 

tlicir  oflico,  5Ja 
Cnuttt  pttrowi,  SI,  53. 
CtyptOfiunic  plnnu,  niovrmmla  cf 

■JMIICI  of,    G. 

Ci^iitallitiA  lini«,  643. 

In  nUliou  to  viaiou  ttt  •IllTviflni 
dl«UniM!>,  6j0i 
tnfUHNi  in  i-ur,  690. 
Cryalitlloidi.  369, 
Clj'iiUli.  Ktuttlh  ot  a. 

in  blood,  74. 
Cupped  Mipcuaiwe  of  blood'Clot,  to. 
CurvM  01  ortcrb^  144. 
Cuticlr.      Srt   E^nmU, 
I  mm. 

ofliiitr.  439. 

Iliii'k<iiiiii){  of,  391. 
Cutis  auMriii.l,  5^. 

vvn,  419,  4»l. 
Cyanatu  of  amniuniii.  453. 
Cylindrioal  qritlit'lium.  33. 
Cyitiodact,  314,  «6. 
(^«tin  in  urine,  463. 
C^tobluta,  33. 

la  d«volopiiis  and  growino  pnrts, 
38J. 


D»y,  timo  of,  inflnenw  on  txlida- 

tioti  of  caibonic  acid.  114. 
OccapiUtcd  BniniaU.  tvUcx  act*  in, 

501. 
Di^cav  of  lilood-corpiudie*,  93. 
iJwiilim,  754. 
ri'lluxM,  it. 
BsroliUH,  a. 
ran.  it. 
Duromputiition,  tendmey  of  uilmtil 
coiiipouiidi  to,    IOl 

Docnwiion  ol  fibm  in  nioduUa  ob- 
longata, ;it.  5i>. 
in  ipbiil  ford,  499. 
of  optic  ncTVcn,  Wi. 
Dnfitciition,  niochiiniim  of.  213. 

iiillui<iic«  of  Miltinl  i^onl  on,  coS. 
Ur^nunitioii  of  loolli'faiiK"!  J™- 
Deglutition,  363. 
OonnMtion  uith  ucduUa  oblon- 
gata. 516. 
a  icllcs  act,  500b 
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nUibm  at  |iiuiuaoitMtrie 

(^  SS9t 
DmUI  gtVOT*,  (ViBUtiT*,  S4. 

bratins,  51. 
DopnMur  Mm,  563. 

DtNaMtot  now  str*a,  56$- 
Dwrtejnmwrt,  3.  7». 
whnnm  to  gnwui,  390. 

of  tlmunbinr  cuul,  77^ 

«flilood,9a 

<f  bone,  49. 

«f  embryo,  739.  t  i. 

or  Mlm^iIlel^  761. 

«f  (iKi'  «ti<l  viaomt  «clu\  760. 

of  hwLit  and  VMMlft,  763. 

of  Mrroua  i^t«uj,  770, 

oT  organ*  of  mum.  tfr. 

oT  napiratoiy  kjiparttui^  776. 

oftwth.  54. 

of  TMCuW  »y*tiiin,  763. 

of  Tcrtobnl  columo  asji  cnnJUDn, 


& 

"a,  I 
ntni  uiil  Minul  orgMia,  777. 


of'** 


olfflui  bodlea,  urinuf  >pl«- 


Dtxirin,  fgrmuluu  ut  iu  diinMiaii, 

386. 
DUMm,  33^  45>. 
Plajilingui,  99, 
•clioD  of  on  klxlomuiil  TiKera. 
»i. 
iaiupintian,  195,  196. 
is  Tnnont  ruiuiitoij  ocU,  210, 

in  voiniling,  389^  ago. 
DiinDtnim  jiuJm,  ■$■■ 
nivi,  iullueuce  of  oil  blood.  &|. 
filthuioiiuf  Qum  ill  mpintioii,  3o3. 

of  impmuoni.  4S6. 
Dig^iau,  gmerii  hdIuto  of.  143. 

M  food  ill  tlio  iDUitinc^  397. 

«f  fiwd  in  tha  nomacb,  MS,  1761 
iuliiisnce  of  ntrrow  lyiitvio  ou, 
ay  I. 

of  notnachatW  dntli.  394. 

Stt  Gutric  Fluid.  Food.  Stomach. 
Digcatli*  finiiL    Set  QtAric  fhuiJ. 

■ftianUl,  a7& 

Inift  'if  iimrouB  mcmbwoo,  39S, 
Dinciiori  uf  aoand*,  pcrcvjiuou  of^ 

01  TiiioQ,  6jfSk 


DiKUs  protigenu,  719, 

DiMM*  in  rtUiton  Vt 

uid  nmnlian,  3&(. 

ia  nlidoa  to  host  trf  bad  j, 

IWiMiii  ptfta,  anlnilUtian  in,  >). 

DbcuM,  •Ufntkn  el  blood  gm- 

d»Mi  hj,  3S*. 

BuintMMBM  of  «1t«naoM 


^89. 


* 
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reflci  acti  in,  S07> 
Distance,  nJaptatJiwi  ot  (Ti  IV' 

of  •ounila,  boo' judged  oC  694. 
Diilinctaaa  o(  visioi^  hov  Meiiral. 

647. 
nuntaJ  lunlnat,  743.  70O1 
I)(irsuin  ul  tnuKO'',  70U 
Uoublu  Imarfnib  693. 

vUion,  664. 
Dnauu,  [ihcnommk  of,  $35; 
Dr^iy,  Btroua  llnid  of,  oogitolaa  (T- 

baiaen,  13. 
DrovniuA  miom  of  death  in,  119 
Duct,  c^Mie,  314.  316. 

heiMlit,  314.  yo.  ^ 

Ibonelo,  349,  35$.  ^M 

TilaUioi^  745-  ^B 

Dnotlna  givnfv  4lO> 
Duet*  <i  gUndi,  ama/geauM  ti, 
401. 
contnction  of,  407. 

lafijfttonA  7S4. 
Ductni  arUnoMH,  769. 

vonoius  767- 
«lo*Bi«o(  7691 
Duodenum,  397. 
Dunliun  «f  iinytwdnm  1 

6S9- 

DuvcrtMf '•  glMuU,  718. 
Dfaplingu,  sbMrpiion  btm,  Botil 

tin  batb*  in,  438. 


Enr,  671. 
buuM  or  oiMdM  •(,  674. 

funrtioa  of,  68j. 
dovtlopnumi  0^  773. 
ojrttnud,  671. 

hinction  114  6Sa 
Intornftl,  675. 

hinclion  of^  689. 
tul'MI*.  673. 

fuucllou  of,  OS3. 
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_ J|B>»ni«tIuM  on,  447- 

1  «fV«-Rt>n(^  475. 
lyiupliotica,  x^ft. 
tnscli  of  IcUcicy,  444. 
Eftfpi w Rrtiele* otlooi,  34J, 
Eighth  wrebnl  nerr«,  553. 
BuMlc  cartiliwr,  41. 
coat  ofuterla,  133. 

fl1>rM,3f>- 

iMoll  Q?  dioit  anil  lattgi,  199. 

Umii*,  in  «rUti*s  133.  1 

fn  timn«lil.  iSH. 
tiooM^  hrai  (ItTuloptd  la,  333. 
llM/Mdty. 
of  arteries,  rjj. 
empl«;vil  tn  expintion.  19S. 
EloctricitT,  fffcL-l  ou  nefvr^  477. 
,£liwtro-mn^ictinn, 
•licet  oil  nrttrUi,  14& 
on  tI|I»i  mnrtla,  543. 
OD  voliinlary  iiiaiu'.fM,  JQl. 
QtRiaiitiitytuhtrUncvtIii  ttialiaman 
body,  J. 
aedduital,  19. 
'  Dtem     Sk  DavsloprnQuC   and 

Fotna. 
_  IbRMtiMi  ot  blood  in.  90. 
~  ntMion  of  Kimrc  n  r^Ifi  act.  joj. 
Otioni,  cODnrction  of  with  twni- 
bl»l  hcmU|>htrM.  J33. 
Snamitl  of  If  nth.  51,  53. 
End>httl)>*,  41;.  47'- 
Bnd-pUt**,  niotnna],  471. 
EndolTaiiili.  hj6,  67& 

functiou  of^  6S9. 
Ei)doamoiuel«r,  36S. 
Epidanim  30^  419. 
daTclopTaeiit,  itc  of,  3S0U 
function*  of.  416. 
Unicn  abMTptuiii,  372. 
■nitiitian  ot,  3S5. 
jiiffmcTit  nf,  410. 
mUiIod  Ta  aviiaLhillty,  416. 
otriirlRti- of.  11,  30,419. 
t}ikk>.'iiiiij:  iif.  430. 
Kpldidj-tiiiii,  731. 
Kpigluttis, 
ortion  in  iwatlowEiig,  364. 
iDRuonci  of  on  voii-L',  611. 
Epilepsy,  irttcx  wt*  in,  488. 
Eliithclliini,  29. 
cillitii:il,  34. 

iuirt>   iH'cnplnil    hj,  it,      Sea 
CUiary  Motion. 


EpilheliDia,  atnHnutd. 
cyliiiilrical  or  culuiuuM,  31. 
t-lnniliiLir,  lA. 

nlation  tu  gland  nlli,  3t.  401. 
•pberaidal,  301 
i^uMuoua  or  teMoUtod,  30. 
tufi  of,  14, 
oi  aXt-etUn,  193. 
of  arlnhri.  1 13. 
Ofhmiirhl,  1N9. 
of  hroiicliiiil  lalivn,  I9OL 
of  Fallopiau  lutmi,  71J. 
of  Oraalisn  folliclK^  71& 
of  hp|i«Jic  duet.  J». 
of  intutinal  vilh,  306. 

ab»ri>tioo  by,  J38.  364. 
of  l.lcbetkiihn'i  KLtaiAti,  399. 
of  iiiucotlii  mnmmiuifa,  J^i. 
«f  olfactnr;  rrfclnn,  631. 
of  MJlraiy  glKiiild.  35B>. 

orMimllnitKl''"''''.  40I- 
ofMroua  mniiilintiiKi^  395. 
of  the  tuuKiic,  703. 
of  lubiil«r]{lai]d*nfBtoniacb,  26S. 
of  lyminiiiini,  673. 
Oif  urinn- tubal,  441. 
in  bilo,  334. 
in  miicoui,  K. 
In  mIit*,  i;& 
tn  urino.  4S9l 
Er«cl  jtotltian  of  obJMta,  pfTceptioa 

■•f.  ('Si- 
BrcotilD  Miiict«ni\  circulaUon  in, 

183. 
ErKtiun,  ib, 
came  of,  1S4. 
iiiilniiioe   of  muBVular  tisnue  In, 

A. 
ofpcuin.  connwttoii  of  with  cere- 
bollum.  538. 
a  rcHn  ncl.  50!, 
Ritnuchi,  mioe  o^  Old. 
EiMtai'lilitn  tubt, 
ilov*lii|>ni>int  of.  773. 
funrtion  of,  6SS. 
Exciio-  motor  Mid  itQMri-inator  acta, 

SO4.  vol*. 
Ezcnria  in  nlatim  to  miueukr  ao- 

lioa,  603. 
Eictvliii,  343. 
Eiorclolcio  ndd.  34a. 
EicTotion. 
liiri-^l  and  indirrfrt,  of  blU,  339^ 
Kun-]tal  iialor*  of,  394. 
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INDEX, 


ISxentotf  oTj^n*.  Influniiw  ot  ou 

blood,  95,  186. 
EiokSm, 


(Oteto  of  en  niMdoii,  375. 
en  anrvoat  titsa*,  sjol 
«B  pradniitiMi  of  cmdooIg  utd. 


lis- 

«a  t«inptTKtDre  of  body,  >41. 
on  TMioui  dFrmlatioii,  ifl. 
nndiu.   iecnaaed  gruwth   from. 

387- 
Expaiunon  and  cdcitnKtioii  of  dwst, 

195-199- 

Ei|>lnilu:)n,  195. 
iiilluvao  or  on  i-lrtiJitiaD,  174. 
nwcbuinn  *•(,  19S, 
ransclM  Miir«ruwl  in,  <& 
rvlntiTH  ihiniticiu  (4, 100. 

Kx)<irMl  lir,  iiro|K^rtMs  ot.  a  10. 

Eiprnoion,  ioa*  of  m  poralyiia  of 
bd<l  DDrvc,  551. 

ExpiddT«  octiaii^  BMcbntium  o^ 

Eitncnra  iiMttns 

b  Unod.  83. 

ill  nriiiis  4S9. 
EitiMnilini,  iloTdupDMiDt  oC  7te. 

BiUptatian  to  vixioii  at  diSeimt 

diitancM.  649-65Z. 
faiulijirjr  thkIi  of,  159. 
dcVDiopmcnl  oC  77131 
rif«ct  on,  of  injuty  <it  tuiol  nnrro, 

SS'. 
o(  fifth  norFB,  3S7,  548. 
moTomcDU  or  543. 
ncrrat,   miiptyiBx  muHclM    of, 

^  S39-H3- 
optlcal  appuntna  ot  £45, 
nftscting  tuvitia  of,  642. 
«tni(:ta.ra  of.  636^ 
Cy«lkb^  dvr«lD|iInc1lt  of,  773. 
Kjtt,  umidtoiiioaa  dctioa  01  is  vi> 
■1011,664. 


f(«v  dertlapnwnt  M,  j6a. 

effect  of  iqjaijr  of  wrmtli  nem 
OB,  551^ 

inflaenco  of  fifth  dmyc  on,  545. 
Facial  nerro,  jjoi 

tdMUafMtatj^oC  551. 

Klafonotwcx^nMaD,  551. 


M3-      ^ 


FawM,  compodtioB  of,  343. 

qnantit5  of,  A 

remit  el  aiaminitiaa  o^  jG^ 
FallqnLaa  uibai,  714. 

ellutod  •pttlinlintn  in,  33.    , 

opvninx  atli>  abdnoca,  ^ 

nlli^i  action  of,  51116, 
AWtto  notw,  6 1 7- 
FMci«\  J7. 

FMdotdi  of  muKlea,  j3^  ^ 
FkMJndoi. 

oUnir;,  511. 

PkrtiBf, 

Inftuanc*  on  Mcrftloa  ot  f 

talitn  ilitfinjd  3J9b 
Fat, 

■otion  of  bilB  on,  j  jo,  338. 

of  putOTMUic  HKrctioQ  00,11^ 

338- 

of  anull  ifitoitin*  on,  338, 

dtnatlona  when  fonni^  p.  ^^ 

iDndnnt  ni;  a.  ^M 

n*M  of,  39.  V 

FMly  aciJ.  vDlatOa,  In  hlood,  9t. 

Patty  suhttnua^ 
canipoxitioDasdd«stTiptioiiof,M. 
abewbed  hj  lacteal  ^  338, 
ia  reUtion  to  heat  of  b«ly, : 
ofbiU,«j, 
ill  blood.  81. 

UM)  of,  97. 

ofrhjln,  358. 
Frmalt  x«ii«ntJTo  OtgtBI^  fi. 

Tnic*,  614. 
Fui«<ln  ovali^  fr7& 
□flSraoC  6891. 
rotuuda,  677- 
offioe  of,  6S^ 
FtrmoalAtion,  dlgeatioa  <mofM 

with,*™. 

FormontA,  iol 
Flbr«-«ell«  of  isvohintary 

581. 
nbiw  of  JiaiUr.  640,  641.      _ 
of  mnsclf,  isiraluBlarj,  i$t- 
Totiuitwy,  5S3.    $u  lliucdat 

of  MTTM.    Set  VtrrffSbnL 
rariova  fbnns  of,  ai.  ^^ 

Fibrils  ur  GUmont*,  3&  ^H 

FHitin  ia  blood.  81. 

cotgokiiag  prioidple  Ea,  6ol 


A 


IXDEX. 


?99 


OMOT,  96. 

mupand  with  ■Ibnmtn,  14. 
tonoation  of,  64. 
•rtiliiiitl,  14. 

tin  IjrmpU,  358.  3*'- 
■mnt*  and  praportici,  of,  14. 
«M0bt  in  bliMd  includn  white 

FUciiMplMttc    uid    fibtinogenoiu 

matter.  6$. 
Ptbrinoplaatin,  0$,  74. 
Fibio-oaitilage,  41. 

w)ut«.44. 

Tellow.  43. 
FurinocpD,  65. 
Ktld  of  ritios,  aeliial  and  Idcnl  nko 

of,  654. 
fifth   ncrra,    54J.     &«   Cfirobnl 

NarvM. 
nUaiaut«,3S. 

wntinal,  714. 
fttifann  impulajof  Umgne,  70CH7OI. 
nUol,  Jij. 

Rlnrn  IcrmiaaJe,  ^90^  51S. 
Fimbria  of  Fallopun  itibc,  715. 
Flnmn,  ilovdopinDnt  of,  764. 


Mrabdb  of,  519. 
tMniMntliLm  nf,  13c, 

nimre  i<rs|i!ai)  Mti,  49a. 
FUtula,    gutric,    a][|irrimeiiU    in 

c«ii«soC  >T*.  *74.  ^77. 
Pleah  oompand  witb  blood,  69. 
Tlaid*,  panM)^  of  tbroii)(h  ninni- 

branea,  36S. 
FUioria  in  oninml  hodf,  17. 
Focal  diatuica,  IS49, 
Ftrtos 

•      blood  of,  9a 
cUeulatiuit  in,  767. 
«oininiuiicBtiou  witU  notlior,  75; 

new  of,  317. 
offioearbiluin,  318. 

■      iialMui,  115. 
Follicle*, 
OraBHan,  71S.  Su  Gno&an  Totl- 
cUi. 
efbair,  4:^ 
of  liobetliuliD,  399. 
Food.  14S-JS4. 


•ctloD  of  bill)  on,  33a 

of  gmdric  tluiil,  376,  tSo,  3S1. 

of  pincmtic  •oort'tian.  313. 

of  pFMin.  mode  <iC,  179^ 

of  nJira.  161-163. 

ofatomaeh,  sSj. 
nlbuminmu  cluuiKct  of,  384,  313, 

339- 
■m;lt>r>tHJUi^  rhaiiRM  of,  362, 3S6^ 

3'J.  139 
aniniul,  difrnliua  of,  asL 

of  suiiiinlH  346. 

culurifncirut  or  nijnnlarf,  148. 
of  comivorout  aniinnlo,  149. 
oliongDaofby  digcition,  chsuiical, 
384. 

•Iructunil,  ii. 

in  Jorge  inteatinei,  34a 

in  iimiith,  2S& 

iDWiiall  iDtmtiiiM,  337-340. 

ia  Kloiiiai'h,  iSo~itI6, 
cluMiii  cation  of,  Z45- 
diKMtibility  of  artii'lra  of,  2S], 

value  dcpendeut  on,  ajS. 
dijcrtion  oV.  in  intdtiua^  >9;> 

lu  ■toiDBch,  36$. 
eggi,  an  oiunplo  of  miird.  347. 
fatty    eUinintii   of,   chaagM  of. 

3'3,  330- 
gtnaral  purposM  or,  245. 
of  borbivuroiu  aniuiab^  349. 
liquid,  abtiuri>liau  0^  3Sl,  339. 
of  niau,  Z49. 
milk,  a  natural,  346. 
tiiixoil,  iJh'  bout  f'jr  man,  ISJ-jfi. 
iniltUI^  of,  awvaaiiy.  245-49- 
nitrosenoiia  iuidiian-iutro)^noii>, 

*4S- 
ol«wii>oiu  pHncipIn  o(  duairi 

in  flaniiuili,  3S6l 
(lami^cn  of   throuj^   olinunlary 
canut,  356. 
irili^  «Coiiiach,  363. 
nlaliou  of  U>  carbonic  acid  pro- 
dunid,  314. 
to  excmliuii,  151-jO. 
to  heat  of  body,  343. 
to  muuular  action,  603. 
of  gastric  Oniil,  171. 
of  aoIivB,  i6a 
Tolmion  of  to  ana,  4J4. 
to  urino,  449. 
pha«j>luitoa  In,  461. 
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Fowl.  ctiMnml. 

Mlpliitf  in,  jfio, 
MuhsrCn*  princifJM  «l,  ehugw 
in  (bniwuli,  186. 

toli'l.  iicl  i<m  ar  |;utric  tiaidm,^  t. 

tvallowiiiK  of,  173, 

time  occapitHl  in  pnttff  of.  ^^i. 

T^tbbto,  ranUuig   ciUvgwiwu* 
prineiplm,  I49. 
miagm  of  in  digralion.  380. 
Fomnon  imir,  T6y.  769, 
Form  of  bodiea,  how  ««tiiD«t«i),6j;. 
FoTiilx,  olBc*  01,  sjfi. 
FoulUi  vnntnoto,  $■■>  S3i> 

Mnbral  ncrro,  ui. 
FoTM  CMitnll*,  639^  641. 
FrMda^  (>lhet  m^m  biood,  67. 
FraqtMuf  of  liMifa  Mtion,  ia4- 
Fvnctiaiui  uf  puU, 

dueliM|p)  of.  Bttcnilod  vitk  Ib- 
poument  of  laMoe,  ^75- 

grawik  from  nndno  txenoKcd^  39 1 . 
FnndDtof  «Uriu,  71& 
FaBfifonn  {lopillc  o£  l«ogne^  700^ 

JOJ. 

a 

ntlKtoptioraiw  <Iact«,  7S4. 
Uall-Uaddcr,   l<«>i«>K>  <^  bfla  tnU 

uulfroM,  336^ 
Gucl>*>  '"°<'*  ^  acUaii,     A<  Sfr- 
voiu  Cviitna, 
cettiliral  or  Miuor7,  Auicticai*  0^ 

511. 
oTbiumI  mttm^  493.  (fi?. 
of  tkc  qFKpathHk,  s&S. 
(tmeian  o^  J7a 
■ctloo  oi;  573. 
uco-ordinMon  «f  inroluitary 

biliMrt,  iji. 

la  «ul«t«ao(  «f  Mpat,  57; . 
OuitUon,  Oaneriui,  $43,  ;& 
OMpunlM,  473,  jTOi    Su  Svm- 

OOTpUKM. 

G«a||lkaiic  fibres,  494. 

Go>«lionic    netrou*  tpAtn.     &w 

Gmm,  >b«anitioa  of  t>7  blaM^  371. 
|*«rtrf6yih«.kJ^43^ 
in  niooit.  So. 

ta  thimuli  ud  laUBliaM,  343. 
la  ttiinev  463, 


OMbfe  flaid,  >7I. 
acid  in,  17s- 

•cdoa  of  em  albvtniBMM 
d[dM,  284. 
onfnol,  aSa^SS. 
bTowwl  Inr  divWoM.  aSl 
natnni  of,  379. 

ou  uediarlno  ud  MnylaMW* 
trinfiiilet,  3S6. 
ntifi(U.a7& 
ehacMton  of.  374. 
oonyMitiaM  ol.  A, 
digMlJre  ponvr  <4,  3t6. 
txpavueoU  Bitb,  276-78^  1 

popito  In.  «75. 
quantity  ot,  an. 
SKntiMk  of.  A 

liow  rxdtiMt,  aT3-74. 
icBucove  of  nonnMi)  t 
391. 
GMtiM  ymu.  Mood  of,  87. 
Gditinoai  mbotanota,  1 1. 

OdUin.  dl^Mtlon  nf.  384. 

biMtttdoM  M  food,  Xf9, 

proponlMof,  II. 
Otaemiou  BUil  •Itntapmret,  jti- 
Ooncnti**  mffoa  of  tbo  temm, 

Ocnito-nnnuy    bart    of 

■ombcMie,  ,$99. 
Gtnniiialan^  7,13. 

Mutttr,  >o. 

■MnbnMt  74a. 

■potiTaa 
denlopmonl  of,  731. 

tmM%7>o> 
donlopvieiit  oC  711- 
di>app«nuwe  oiF.  739, 
Gizzard,  octioa  oi,  aSj. 
tiUnd,  ptDotl,  (37. 

pittittfy,  53& 

im««tc,  73".  737.        ^ 
Ohkd-alb,  iMpmt)iafMaotiaa,4M. 

roUUon  to  *^th*Um,  31,  401. 
QUad-dvrti^  wnnKMiMDt  of, ' 

oontnctiobs  uf,  407. 
OUai»,  tapKg'i^  403. 

Brwrn'o,  JOJ. 

MnnriMiH,437- 

eonghiniont^  403. 

Cot*'"'.  73«.  737. 
dneacH,  41a 
OsTtnoy'i,  7t8L 


^fa^t,  €OtltiKIKlL 

^■rf largo  ble■Iin^  31a 
leottDolar  af  tDlstiuv,  A. 

td  idatDwA,  170. 
of  U>h*ri[iUiii,  399. 

olP*7*r,  yxx 

miuiunary,  7^ 

■Jir>T]r.  356. 

m1ik«oiui  4aS. 

■ecRting.    Stt  StcrrUiig  GUadi. 

of  BnairiiitMiinD^  3<)8. 

ef  •toDMch.  16& 

nitoriiaraiu,  416. 

tobolw,  4l>i- 
of  \»xig*  InlMtiiio,  31a 
of  Dlooisclt,  368. 

, nwultf,   410.      Srt  Vasculir 

H^       GkniU. 

raudalti  ^»botlu,  717. 
filutdukr  cpitiiclhim,  31. 
OliaHm'i  Mpiulc,  315. 
OlolniUn,  74. 
^Olrfjil*  mnjor  uhI  tniror,  73a, 
^■Mw-pbuyti^Al  n-rvo,  553. 
^paMnmnnlnitiouB  uf,  554. 
^^tootor  SlkEUtfnti  in,  554. 

K  n«rvo  iif  somuMi  Mtuatian  ud 
o(tiu1«,  ss6.  704. 
QoUi*,  RCtioa  onDj;rDgckl  miucUa 
an,  £09,  610. 
«]OMd  La  vomitinx,  323,  iSg. 
•ITect  of  divMnn  (iTpiiuutuugMtric 

ntma  00,  s6l. 
fbmu  MMunrd  by,  6ia 
nalruvtii);   oC    propoRioned    to 

liMirtil  of  [lotp,  61J. 
respiroltiry  moTcmonlii  of,  aoo. 
Qliiixj9«  in  blooil,  $3. 
Oliiton  iu  ri^icrUblm,  349. 
Olyconholii?  aciil,  JZ3. 
(870ag«o  or  Klycugnuia  ■ubatlLllc^, 
334- 

GIUDOM,  ih. 

Gnafiun  rmiiiln.  Jt%. 
formalian   mtl  itcrcloimiBjit    of, 
718,  733.  738. 
eotutant,  733. 
nktioii  uf  ovuia  to,  71S,  721. 
nptiir*or,nhiui|p«  following,  737, 
Otuiul'tr  Uyir  of  tuiiiio,  640. 
Gnanlm,  M.    Stt  MuI«cu1m. 
Qnpo-iuj^  in  WaiA,  S3. 
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GnrtnaltororeenbiUinD,  53$. 

of  ecnbin]  ffuiglu,  511. 

«r  WNbrmn,  513. 

of  oruM  ceTcbrT,  518. 

afmciliilla  iiblunitaU,  509. 

oflKinii  V«rolii,  518. 

ofipiiiil  rnni,  490. 
fiiuctinriH  of,  496-498. 
Oruovf,  priniitirp.  J43. 

[irimitiTe  dpctnl,  S4- 
Growtli,  390. 

coiDcideDt  ffilb  deTolopmeDt,  3, 

cotnparad  with  comman  natnUon, 

393- 
condiliuiu  of,  A. 
I'miliniiium  of.  J9I. 
iw  hyiwrtrophy,  39a. 
inoTMcd  by  iucraue  of  fBnctio'i 

391- 
not  peculiar  10  liring  'heinjm  *. 
Gum,  tDsDlHoknt  ai  foud,  14!!. 
Oiutitlujy  ncrvM,  555,  7U3. 
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ni1)itiinl  movrnu'Utit,  50S. 
Usieinntin,  77^ 
ilxmulynainomclcr,   I J3. 

cxperiiiionta  aii  nupintoty  pomr 
with,  104. 
HiwrninirurrHiW,  155. 
HamujtloHii,  74,  &%,  tl^. 
Uur.  438, 

oiuting  of,  378. 

chcinicnl  ooiupmitioa  of,  IJ. 

divrlopmonl  and  crowlti  i4,  377. 

(trowth  near  old  ulwn,  393. 

■Irtiotiiro  of.  418. 
Hair  rullii'lnii,  439. 

their  MCMlioii,  433. 
IlalltUB  ur  o-Imir  <A  l>lood,  57. 
Hamiiliu,  (177. 
llnnd,    priiiiiirul   aut  Of  tOitM  of 

touch.  708. 
IlnviTiiiin  connls.  4S. 
Hi^nrinK.  anatomy  of  orfiuuol^  671. 

daublo,  605. 

imfatrad  by  Iciion  of  facvA  iwrra, 

SS*- 
iuBu#iii'»  of  Mt<rniU  fw  cD,  688. 
(if  Ubrriuth,  689-9]. 
of  nuddie  i9*T,  6Sj-6S9k 
3  r 


H«Mi]lK>  tentinlltd. 
phfnolofiy  i>r,  679L 
Btt  SouM.  Vibnttotu,  etc 
BfA,  i<n-i]3. 
aotioa  o(,  109. 

•ffNtaof,   lU, 

facmof,  l>6. 

b«qaMicy  «<,  114. 

■ftcciviiianL  ii9k 

thjrtbmie,  118. 

w«ak«ii«l  in  uphyxi*,  118. 
•kiMm  gl^  103. 

tbtir  action,  109. 
SmAvtidm. 
cbonbt  Umliiita  of,  106. 
cduinuF  canww  vt,  107. 
rMuwortJocdm,  luj. 
derelopmnjl  of,  76J. 

□r  cuTitic*  uid  KiiU,  765. 
Ilcihy  calnmiii  of,  107, 

■ction  af,  1 1 1. 
saiiglik  uf,  139. 
nn«itTO|:k]f  or,  391. 
Iinjnilii*  </l,  I2J. 
IniuiNiM  ol  jituuniogutric  aerrt. 
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,     I5I.H7..SW 

or  tjmtatbtiUe  tttrrt, 

S7S- 
miiKulu  fibre*  of,  5S7. 
tMTToni  Mnnntlon*  wilh 

oigtiu,  131. 
(onnJ*  of,  1 19. 
int,  t». 

in  rnlnilon  to  pnlae,  16& 
Moanil,  III. 
•tnictun  ur,  loa. 
IcuiliDouB  ootd*  at,  106. 
TalTHul.  tlicir  action.  111. 
■tttml  or  Manllauu-,  loS. 

Ktionof,  115. 
muricnlu-Toiilricular,  105. 
action  nf.  1 14. 
««ntrielnof,  tli  sir  action,  110. 
caiMtdtjr,  isS. 
Hcart%    lrio|ili»tio.      Set  Ljmqib- 

h«art«. 
Ili-xt,  wtiun  of  on  itaT«t  47& 
anioial.  3^1.     Sec  Ttnpartlnn. 
•dapLaUon  to  cUmal*^  334- 
woiMction  of  wiLb  minniion, 

iDflnenca  ofi^s  on,  332. 
of  warciat,  131^ 
of  axiatita]  ooTcrfaqa,  34^ 


Beat,  nnUiMMf. 
aflMd.  3«1. 
of  Dtrvaai  irvtfK,  a43. 
Immi  bf  miialwai.  Me.,  afi, 
in  r«latjau  to  bOb,  31L 
•MtitM  and  modaa  of  fntt 
ti»,  136. 
dareiopail  in  ouiitnetka  at  1 

■    =!«».  »iJ.  S89- 
pci«|>liaD  of.  71X. 
nwt  Of  rot,  714. 

onnliigfoiii  U  OM 
ITiNiKiil.  [cUtiMi  tOI 

cily,  lot. 
IMiruItuma,  C77. 
\l~\it  af  cu,  6Ji. 
ileiuiipbnrn,  CanbnL     AkCw 

Hisimtii:  ccll^  316.  ^1 

dtuu,  3>4.  i*Ok  ^M 

vdiu,  319. 

rJiaraclcni  of  Uuod  is.  f& 

vitnM'ljt,  (irnui{;anciit  0^  Ji&i 
n<:)>iitiii,  334- 
Utrliirofaiu  an  inula, 

[iFm0iDn  ofodoun  hj,  63^ 
neimaparodiliBBi,  a]iparait,J  * 
Hioranflji,  uDchaoim  of, : 
Hiluaarkldney,  44 

iqilecn,  413. 
Hip-Joiiil,  fAlu  m  its  iiiiaai^  4>J 
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Bil'fuiio  ar'ul  in  blood,  83> 

in  uiiiip,  4sJt. 
Honi]:  tnittei,  cbomical  cPMp«<titt 

of,  15. 
Bnno'*  blood,  ptcoUai  oo^nlifia 

otrabsJluin,  539. 
Hulitnr,  MiiaadoM  of,  agi. 
UyaQna  rartila^  43. 
Uybamnticn,  rsUrJed  tnqinlia 
etc,  diuinft  3ji. 

atate  of  thymoa  to,  416. 

lainptntnra  in,  3^. 
njrdnicliloria  *eld  in  gMtife  ftdJ 

Hydralnobia,  apaam*  of,  4SS. 
U7gntm«tric  cvuditloAi  Inllnartii 

ra^raliaa,  314. 
nyiiMM.  717. 
llTptttrotdu'.  393^ 
Hypegloiid  B«fw,  565. 
Hypoqudia*,  ;&3. 
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liUai,  ronnectioD  t>(  with  Mnbrom, 
„     533- 

llto-otcii)  "ndvv.  397,  309. 

nntclnre  *nd  •ction,  311,  345. 
laum  fivniMtion  of  on  ratilw,  646. 

JiftiMiiiM  «t,  647, 

iiiT«nian  of,  Gji. 

^m    ntainnl  uid  repwdnead  in  ceni- 

^unpilM  of  htait.  laa. 

^pBinu,674. 

^     rmctlon  of,  686, 

lABunmaton'  Mood,  coognlation  of, 

carrniBclM  in,  73. 
JviiilibuliinL,  191. 
"Wtarif   mltuLiice    of   pneutno- 
■wttic  norve,  131. 
hibitorjr  nerrci.  475. 
tnoripuilv  alcmiinU  in  hamm  bnly, 

'7- 
iDHftt.  Imiptnitiire  of,  337. 

tluniratioii,  195. 
,   clutkrMU(lanMOTorcoiiMb7',3o6i 
toKB  imployeil  ill,  304. 
during  wucDi,  30& 
[  tadBHMa  «i  CO  ciroitlstloii,  174. 
'   BiMlianlnn  of,  105. 
InmaliUlty  of  ormnic  oninpoiin>U,  9, 
laUUoetuiJ  fMultlM,  nlntloii  to  ufl- 

raliruni.  SJi. 
Intmrtioiiliu'  fibro-ivirUlngA,  44. 
IntnimUular  nbttiuicr,  37. 
IntcniMMl  muKlfli,  u'Lion  in  is* 
■frintioD,  19J. 
In  axpirftllon,  199. 
InlATlonulBT  vi'ina,  117. 
iDtCRtinal  giuijlI,    ctnTvloinnont  of, 

.       74^  773- 

inUMiDn,  'lig«nHon  in,  397. 
htly  ditciiargH  (juui,  31}. 

tpt™  in,  343. 
laivo,  digmtion  in,  34O. 
guaid*of,  3i(x 
Krnotarn  of,  309. 
nwTimciiu  of,  344. 
I         imall,  cbunRT*  of  uiod  la,  337. 
glmtds  of,  199. 
itTDL-turn  <>r,  197. 

Tolvulv  coiwivuat'w  of,  ayS. 


rilti  of,  306. 
Intonation,  Ml. 
lutmbbulor  vdni,  317. 
InTtnioa  of  imiXH  on  retina,  653. 

Mmetion  of,  653. 
InvoloataiT  moivinonl*  orlj^inalcil 
by  will,  533. 
BiiiwlfM),  M-ti'iu  nf,  601. 

tttUCtlITU  of,  jSl. 

Iris,  644. 
aulion  of,  540,  648^ 

in ndnptotioa  to  cUiCuio«*,65l. 
Upilkrira  of,  159. 
<Ioi-cln]iriicnt  of,  77s. 
iDllui>tiiw  of  fifth  ndrre  on,  546. 
ofnixth  nitrvi..  541,  mM. 
of  tliinl  iiono,  540. 
nUtion  of  to  optio  iiirfo.  {40. 
Biructnn  and  function  of,  644. 
Iroii  in  port*  of  body  in  which  founJ, 

18. 
Irritability  of  mniculnr  tiune,  JS7, 
Itor  a  Inrllfl  ad  finutuin  Toiincn- 

liini.  531. 
Ivory  •fiBaili,  51. 

3. 

Jacob'*  memliraDa,  64a 
Jaoobaoa'a  nerve,  553. 
Jojiunln,  397. 

JnctiiiK  flow «f  blonl In artvrioa,  137. 
Jiiiupiug,  601. 

E. 

Kern  tin,  I  J. 

Kidney,  incrcwcd  function  of  ona 

40S. 
Kidnoyv  Ihoir  Mmpttirr,  44a. 
blo»l-vv«*elH  of,  how  didribntad, 

44} 
capillar!**  of,  159^  444. 
d«n>lopni«ut  tif.  777- 
fonction  of.  44&'    **  Drina, 

Mnlpighiau  bodiai  of,  443. 
tiibidn  of,  411. 
Rnoe.  paiii  o^  la  di«aa«d  hip^  4S5, 
4»- 


Labia  eilema  md  intMna,  7t7. 
3  r  S 
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Ltbjrintli  at  tbe  car,  67$. 
nmobruioii)^  6761 
0— am,  6761, 
fnnetim  of,  6Sg, 

•tN0nit£it  by,  J<3. 

cautaug  Ijraipli  lu  [MlLng,  35S. 

Migin  or.  Jto. 

Btructim  oC  3S3> 

inrUli,  308.  363. 
lActie  D>-iil  in  blnoil,  S3. 

is  ffulhc  llaiil,  37s. 
|jutilun>iii>  ilacU,  7^ 
l^mnr  nf  )>on(^  47,  4S. 
Lttniclln  ur  bun*,  48. 
Laniu  a|r-nktu^  677. 

UK  of,  691. 
Liming  dorwlM,  743,  760. 

tiiotnlM  or  mitmlM.  74;,  7C1. 
liuiguiie,  lunr  producctl,  619. 
Lu|{>  iaunliiw.     S"  Intentitia. 
UiyniBMl  li*rra*,  557. 
LAtTDi,  (vnttriu.-liuii  oT,  606. 

Ullutuca  uf  pnNluogulrie  Mm 
on,  55*-S6'- 

irritation  Trrcrrcdto,  4S5. 

miwolni  of.  £o>). 

Tsriatiotta  in  according  to  mx  and 

vtntriflMol.619. 
Tocal  (wrdi  of,  606^  609. 
l^m  of  functioM*  of  u«rT««,  4S3. 
Luutor  tjminMii  uiiiick,  674. 
Lvad  an  aMidcuUl  elemoDl.  :9. 
tieaptn^  601. 

Lcgiimcn  i<lciiti«kl  tritli  taKin,  149. 
I^ons,  ctriCallinp,  dfj. 
Lonticuliu'  gtnuVuxa,  ralitlon  of  thitU 

nrrvB  lu,  555. 
I^DliiTiiLu  H^iiU  of  Btotnacb,  270. 

of  1m|C(  iatcdiiu,  3 10. 
l/mioeejia*,  t&. 
LaucocTtJi»<uiB.  ttate  «f  tmcbIu 

glaiidi  i>..  417. 
Loraior  paltwta«  Hipcriorii,  nam 

aupirfjins,  5310. 
Lenr*.  iiiir«rciit  Idtkd*  oC  59S- 
Utl>«Anlin'4  glaniia, 
ia  Insa  btoaUtim,  31a 
inMnMaeh,3A 
Lil^ 
Biunal,4A«. 
ikpaolrno*  of  OD  modBlIa  Man- 


1 


TCi«. 

J 


oitun)  lena  or,  (or  cbcIi  pBde 

380. 
(irf^ic4A4. 

limplnrt  moiiifatatiini  of,  1. 
lilitlitBlttf.  oonitltion  o(  UiM  (f 

LiiiM,  mlbt  of.  ill  hunun  Utij,  i 
pbnpliate  of,  iu  albnmaii.  13, 

in  bJooil,  Si. 

in  bono*  aad  teotli,  iStiJ. 

in  daniM,  18. 
Llnjcnal  liMndi  o(  flfUi  out*,  54 
.,    S«8.  S5S.  70*-     _. 
M|<i,  inAtmo*  nf  DHL  ntfr*  1 

mavanwnU  of,  545. 
liquul  part  u(  too-i,  JuatfUmi 

..  »*'-33?.  „ 
Uiiuor  unnD.  748. 
Liiiiiar  HDgRittiI^  56. 60, 

ijnipli  dcrired  frata.  364-  L 

itill  lafct  of  in  capillariaOi  _ 
IJthlain,  ati»orptioB  a(talti<(j; 
Liv<.r,  314. 

Ktioa  of  on  aibmiMat  nttH 
33>, 
ea  Mcebarine  laattcri,  A 

•  Uotd-inalciiiE  organ,  loo. 

blood-T«acla  of,  318-Ji. 

ca^Uuiot  if,  159. 

MUa  of,  316. 

tirotlatioa  tu,  lOi. 

tl«T«lopinnit  uf,  77$. 

ducl^oC  311. 

functioiu  of,  313. 
in  fvtac,  31& 
i;l;-«igciiiie  function  of, . 

McrctKni  of,  323.    Su  1 

nructim  o(,  314. 

Kig/iT  fona»d>f.  iiiil^ 

t««t  nr  pnautce  of  tuicar  i^  33 
liviag  bo«Mb  pQpertiM  of;  I. 

ti»D«a^  oraiact  witli  wtuJn 
■Kvlatioik  M^ 
Lobca  oiliia^  190. 
Lvbulca  aflirer,  315. 

orluBj;!,  19a 
Loctunlg^,  520. 
Lo?«^  phjiica^  owfUUnn,  b  r! 

tionto,  JAS. 
Lnminoua  drolas  pnxtnrrd  lij  |ri 
■nra  on  cithhII,  66c 

ini[irciuona.  Juration  a(  6j^ 
Lnngi,  1S7,  193. 
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Lungii,  MnfiaW. 
^m    (aiiillnritMi  of.  i  M. 
■   oelli  of.  ■ 


) 


I 


oelliof,  i')i-">3- 
duDKw  o(  nir  in.  loS. 
dKiUMiion  ill.  lot,  109. 
oonj[citicai  «t.  iii  iu)>hyi1a,  319. 
alter  divlfelnn  of  ]illvilluc^n)ilric 
iicrre,  sfei, 
MMtractioii  ofi  I99> 
MVttiiil^  «f,  18& 
devdonneiit  of,  777, 
•lutuily  of,  199. 
bitorcUiiUr  pssMgu  in,  191. 
kibcaoC  iga 
lobnlMof,  igo. 
BamMuutif  in  mpirutlon,  iijv 

aoo. 
BuUlikn  of,  109. 
potitiun  nt  i!:!;. 
■inictiu*  uf,  1K7,  190. 
BU]>pli«l  by  putiuiiio;;i5triD  uervi<, 

5S7.  ii'f- 
Lymph,  uialyiiiof.  j6ol 
coBinKil  Willi  fhylc,  t4. 
with  Mum!.  36:. 
I     gpncntl  clianrtrrk  nf,  337. 
f     <|uaiitily  rornii"!,  jfii. 

IrUtioll  til  lili-wl,  Jfil,  3155, 
LytDi'h'CoqmM'li'B,  itrut'tur*  of,  358. 
tn  dIooiI,  91. 

dovelopiatui   into  btood  uoriius- 
dot.  9J. 
Ifiniili-hcarta,  ilTnctun  and  oclion 
of,  365. 
nlMJon  of  to  ininiil  cord,  366, 
SOS. 
Lymphatje   gUiiiIs    structure    of, 

tnnclion  of,  ^(H, 
I,yiniihiittc  tmmIb, 
■tiKiryition  by.  364. 
CMUDinnication  with  •oroai  cavi- 

tiM,  351. 

ei)l)iiDunii«<li>nwithblooil-vRii>cla, 

3S8. 
•ontnutiun  ni,  354. 
ootmit  of  UuhI  ill,  J48. 
dirtribuiioii  ul,  349. 
origin  of,  349. 

jmpnluim  of  lyni|>h  by,  353. 
■tnteict*  of.  347,  333. 
Talirtcor,  353. 
Xyrapliald   U«n«.      St*    BetiCnm 


U. 

Uoenlft  fftnninaiiTii,  7:0. 
H*f[nM{iiln  in  hnniim  t>i><ly,  lit 
Jlaintniinnon  or  *jisiiiiilHtli>ii,  nnltin 
oftbn  jirocca^     Sit  Urovth. 

iiuTritifv,  374. 

of  blood,  91. 
M^e  Miul  fuaetioniv  731. 

voice,  614. 
Hnllem.  674. 

funi'tioD  of,  6S& 
Milpitihtu)  bodiu.  441,  44], 

capmlei,  441,  443,  444. 
Hunnuiy  glandi,  nx. 
Mannneas,  oa  acciduntal  •Immt, 

1$. 
MaTjt<n>l  Abro-cwtilagM,  44, 

MuToit  of  buus,  4j, 
Iluilication,  3$J. 
lifUi  nervB  nippliM  murlta  of, 
J44. 

Klutoid  colli,  673. 
Uairi:(  ofurtilasf,  41. 

of  nnila.  431. 
Mratua  of  ui,  671. 

uritinriiit,   opening  of  in  fnmalt^ 

Mocliuiical  irriUtlou,  vutlcnt,  ellviA 

ou  narreo,  476. 
McFonium,  biliary  pnndplaa  in,  317. 
tlodalla  of  bone,  45. 

nf  hair,  4:9. 
Mvdulla  oblonfCatA,  509.  518. 

iitiu]i>t[y  1(1  tipiiul  coid,  511. 

ciiliiiimt  of,  510. 

dititrllintiim  nf  fibmof,  Jtl. 

condiK'tioti  of  lin;i[iMianB  in,  513. 

cuiigHtml  III  ajijiliyiia,  33&. 

dcFUiHlion  uf  lilirt«  in,  511,  511. 

dcviilopni<<nt  of,  770. 

flTccti  of  iqj  ury  nnii  d  inawof,  J 1 4. 

nijirjof,  bow 'dJittibutrd,  511. 

futii^lloni  of,  513. 

ilnporlant  to  liiaint«nalif«  of  lift, 

influviici^  I'll  ilr((lntili«n,  516. 

on  Tii9|uraIioii,  aili,  51^  S'?' 

on  spwH'b,  5 1 7. 
mointmaiivo  (rf[>uw«riD,  517. 
a'  a  nerrt  O'ntru,  I13. 
pyramids  of,  siitonor,  511. 
'  poatcrior,  511. 
nflvinin)!  power  oi;  515. 
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twit*' I""  <iidri>liinUty  powti  aot 

wtUd  Id.  517. 
Mnctun  of,  S09. 
UeduUtf;  portiun  uF  kiiliwrr  440- 
•ubaUno*  of  Ijmplistia  gwD'ls 

3S5- 
•uMUno*  «f  ntTTo-libn,  466. 
Mcmbnuw  lUcidiM,  754. 
gnnoloM,  718. 

iUTBla[«neat  oT  (ulo  ooTpaa  hi- 
Unm,  7  jo, 
Ihnltu,  &4(X 

IiropriL  &(  llitMiDVitt  MenbTstU!, 
]iu|iU]>riiv  771. 
capfulo-uij'itliiris  it. 
t7tnp«iu.  673. 
offio«  of,  6&4,  6S7. 
Utmbniw,  blutwkrmie,  742. 
J»t»Vt,  640. 
oadBcAtlon  in,  49. 
firimuy  <tt  luueiiirnC.     Sm  Bm«- 

■n*nl  mmilirin*, 
rit«iliii«,  719,  740, 
Uanliimiiin,    diikqiui.    Set  Uiicoiu 

a»tabnnra. 
Umbnot*.   MTous.      Sft  Srroat 

UombmnML     i'*'*'^     0'     flu  Ida 
through,  3t&. 

Mcnibranmn  Utyrfnlh.  tl^(l,  6y8. 
Jiamorr,  icktiuii  l>  i-vrvbnl  liBiuJ- 

■pfiorri.  53  i. 
Mtniiruaiinn.  724. 

tnalo^iiiH  Willi  liMit,  7J4. 

coiiicolvut  witii  dutjiuge  «f  nva, 

Mtpui  lutmm  of,  73a 
|i)imoinoDn  of,  717, 
Umii  of  appwuca  and  CMMlton, 
7j6. 
Udutnal  dudiAtm    Mtnponliaa 

of,  7*7. 
MenUl  tloraujtainFDl,  U5. 
ozottlon,  rOiKt  on  Ui-aiof  Tiod;, 

on  photphalM  in  orine,  4Ct. 
fwnlliM^  iicYolopincut  irf  in  jiro- 
portiou  lo  bmin,  5  ij. 
thMrrofspwUlIociiiMUouof, 

Se\A  Ji  vimoii,  6^ 
M*icu!j,  *bw>i\tkiu  (i(,  ill,  ^SS. 
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■4a 

mtni,  Uaod  oC  87. 
M«b«of<«pUl<>rr  artwork,  i^' 
H«aM«pbttaii,  51& 
UtUUic  mbcUM)*^  •hMfpd«i 

hy  (kin,  437- 
Mcao«>|n)u  voio«,  615. 
HiotaatMn,  Mliaa  of  ijiiaal  mi 

in.  ja$. 
Milk,  u  fiKid,  346. 
[Jiopcrtlot  of,  78J. 
wcndon  of,  7*4. 
Ullk-KlobulM.  785. 
Uilk'tMth.  5S. 
Miud,    otrtbral    lianiiiphim 

orguis  at.  W3-S3*. 
inBneuw  on  action  of  bmit,  ts 

OD  utimol  boU,  Z43. 

on  diacMian,  383.  a<H. 

«uhewu«693. 

onnovinnonUnf  intcttiBM^Jfl 

(>n  iiatittloii.  3&i. 

on  TMjiUiUoty  aoU^  aib,  t9t. 

on  Mention,  40S. 

on  stcivijoiiol  Mlir^  i£a 

in  toucli,  707.  ^H 

in  vuioo,  ^}-66cx        ^^ 

peroeplion  ofipocial  Mmficrr 

by,  ftij. 
iiwIopMidmilr  etomm*.  6tj. 
pttMpUou  of  UauAmd  liiip«i 

aiomih  4S6l 
pomr  of  conMvlntioa  <■  A 
Mom,  $58L 
of  MimtiiigawMliaw,  71a. 
reflex  inoi-Mnaita  iadtpuutal  B 

500. 
Mualive  imjiroMfoiM  : 
laru  by,  481. 
MitnlT^T*,  105. 
UixM  food  lur  man,  153^ 

ii<K«uit7  of,  a4& 
Hodiuloa.  676. 
UolH'ntn.  or  gnauloi,  si. 
In  btool,  tSl 
in  nulk,  785. 
momnuit  of  la  odl^  37. 
UolnuniM-  bMo  of  dijrlc^  35SL , 

nioUnn,  aj. 
Unnoloonna  role*,  614. 
Usnlfiatiion  bxa  lid&arat 
3S4. 
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Hctioii,  cuuM  uid  [ilinioinoii*  ot, 

utUlltig  nm-UoQ,  1^.                       ^^H 
auistiag  vomilinjc.  3»9.                       ^^H 

cltfiry,  57S.    &4  Cili*. 

nuJKuUr,  33. 

cbuips  ill,  by  •itntiu,  37^                ^^^ 

oontracUon  of,  jStt.                               ^^H 

niupalw,  sSo. 

■ctioa  <ai  boDw  u  laven,  $95, 

offoetcif  preuurv of.  oniroint,  170^         ^^H 

nerrc*  cf,  476. 

hut  dovelop«d  b  contnustion  of,         ^^ 

«(abjecl*,  ho»  jiidgcil.  657, 

589.                                                       1 
UlAviiii!  ryi<l«1l,  J39                                 ^^H 

power  c^  not  fuDntiolly  dutinc- 

li«o  of  uiiiniili,  j. 

Muatkni  or,  617. 

liirynx.  (ran).                                     ^^H 

llttwlininiliiM,  UaiumiMlaiior  in 

DFrvpg  vf,  $87.                                      ^^^1 

caul,  499' 

Dulritiou  of.  38J.                                  ^^^1 

aatte-Gbru,  475. 

of  orjanic  Uf»,  583.                               ^^B 
leoribility  of,  sS8-                                        1 

iMTTa*,  crauinl,  ;j9. 

law*  til  action  <rf,  481. 

lound  (Icvclopol  in  contnctlon        ^^1 

(oobi  of  ipinol  ncrrsL  495,  565. 

of,  Ml.                                      ^H 
KoitTM  of  ontfon  of,  tax.                   ^^H 

Uotor  liDgciB  iicrrc,  j6j. 

^L     oculi,  or  ihinl  norvr,  J39. 
^P  Slntoriol  rTnI-plntcs,  471. 

Htrtnlol.  sSj,  sS&                             ^H 

voliuitttiy.  5S3.                                 ^^H 

Slciutli,  dinnifiu  ul  rmiil  in.  ijfi. 

■ctiun  of,  S9S-                                ^^1 

tii<'ihi<'Tii>il  Willi  iialiva,  ito. 

bluod-vauoli  ond  noma  «f,              1 

UoTMiu-'uis  of  iiitnliniMi,  544. 

586.587.              _  ^                        1 

ofniuclw^  595. 

wofk  of.  h<iv  Mlimslril.  6o].                      1 

htbitnal,  y»,  513. 

Miutfulu  (XKt  of  aitrriM.  ijj,  138.         ^J 

^L        ttAm:.    sic  iutlcx  Action). 

of  Utgninltitiue,  J09.                     ^H 

^1        auiMtloii  of,  71a 

of  (mall  iDtortioc,  197,  39S.           ^^H 

V         ajsamcinfiil,  541. 

'    of  tlamach,  a6;.                               ^^^| 

^P     JffodixvJ  by  irribition  of  *nilitory 

fibrvi,  Invnlimtitry,  ;8i.                      ^^H 

"              itWTt,  697. 

TuluritAry,  3^4-                                     ^^H 

of  rTHpiniiiiii.  30o> 

of  aloiniicii,  Hfiinn  of,  1S7.              ^^H 

of  *u>iii.irti,  1S7. 

of  rilli  in  intnliuNk  307.                ^^H 

K  JlocaiLi  Isynof  bliutoil«rmiaiii«tn- 

force,  idea  of,  how  dmvod,  710.         ^^H 

^B          bnuii^  741. 

motion,  5Sa                                     ^^| 

H  Hocoiu  inanibninca.  ^ti. 

mOTDment*     Sa  Uor«iD«ll&            ^^H 

H       bwBiiMiit  mornbrinu  of,  399,  4OO. 

Mn**V  587,  70'>.                                    ^^1 
cosMllum  Uid  otf^an  nf,  518.          ^^H 

'       OK^llahcs  Ot,  IJ9. 

OOiuiionaiit  ttrumirex  of,  399. 
epitfwliiUQ  ■  c«llii  iif,    40a.      •%» 

stniiiffth    totud    by    mpiialoiy              1 

elfniti,  104.                                         M 

H         Kpitbvliuni. 

tiain#,  nfjinimitl  Iif",  5S3.                  ^^H 

H      gtand-calli  of,  40a 

ImrlirriRi,  133.                               ^^H 
coutncliliCy  of,  5S7.                        ^^H 
eoatiaolion  ott  5*8'                          ^^H 

■      tnctn  of,  39S. 

■      of  intntioes,  mS.  310. 

H       of  Ktunuch,  i66l 

heat  dsvclnperl  in.  5S9.                ^^H 

■      of  totifpie.  6<)b. 

•onnd  in,  jqa                              ^^H 

H      of  vtarui^  ebimjtst  of  io  prsji- 

•fftct  of  itimuU  on,  476^  59%        ^^| 

■             n«o.Ty.  75*. 

ofhaart,  5S6.                                   ^H 

■  UtiiTii\  iiHtiir*  'If,  t$. 

luvoluntuy.  j8i.                            ^^H 

■      acid,  of  vigiu,  5;. 

IrrilaUtiCy  of.  587.                          ^^B 

■       In  bile,  Jia. 

iliinition  or,  ufurdotth,  591.              1 

V       of  mouth,  nistdmUiaaUn.  158. 

of  UFKIUliR  llfi',  5^3-                              ^^H 

In  niini-,  4S9. 

prapiitieii  of,  5^7.                           ^^^B 

lliiltipoUr  n«rva-celb,  474. 

rigidity  of,  after  tlvalh,  59^         ^^^| 

UuhcIm  of  knlmol  lllu,  5!ij. 

Muiibility  ol^  55tL                        ^^^H 
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Hiucaltr,  omfmiMiL 
Btripea,  583. 

ttnictnre  of,  583-586. 
nmstriped,  580-583. 
utuatioiu  where  foimd,  5S2. 
stnictura  or,  A 
in  vciiu,  167. 
tone,  50S. 
HiUMul^s  Mncosee,  267,  Z98,  306, 

307- 
Hancaluitf, 
ofuteries,  138. 
eridence  oF,  140a 
pniposeBO^  141. 
orlymphatics,  353. 
of  lymph -hearts,  366. 
Musical  tioauds,  614. 
Myopia  or  shoit-aigbtednsn,  651. 
MyowB,  15. 

N. 

Kabothi  glandube,  717. 
Kails, 

chemipsl  compoaidon  o^  15. 

structure  of.  431. 

growth  of,  ib. 
Kucotic   poisons  in  stomach,  ei- 

J'rimentH  on,   193. 
cariliea  in  relation  to  smell, 

633. 
Kates  (Lrain),  5za 
Natural  orjzBoie  ootoponnds,  9. 

cUsaifii-'ation  of,  la 
Kerre,  dpiiressor,  5G3. 
Kerve-centrts,   4G5.     Ste  Cerebel- 
lum, fettbrum,  etc 
conduction  in  or  through,  4S4. 
congesiion  of  in  asphyiia,  23a 
dilfusiun  or  radiatiua  in,  4S6. 
fuuctiouB  ot,  483. 
perceplioQ  in,  4S4. 
Tcfleiiun  in,  4S6. 

conditions  of,  4S7. 
tra  nsf errnoe  ofim(tri'^oiLsia,4S5- 
vaso-m-jlur,  576. 
Kerre-eoti'Usolea,  473. 
caudaip  ur  steliate,  474. 
or  ri'tina.  641. 
simj.le,  474. 
Ken-e-6brfi  465-483. 
aiis-tvliLJer  uf,  466. 
cerebro-i^iinal,  465. 
condutiioQof  ini|irvssionsbj',4". 
of  one  kind  only,  47S. 


Karre-fibre*,  amlintitd 
rata  of,  478. 
coDtinni^  0^  47a 
conne  of,  470 

difference  in  fonctioD  not  attad 

by  di  fference  of  structiir(^4; 

eOecta  of  injniy  and  dirinon,  47 

480,482. 
fascicoli  of,  470. 
force  not  generated  hj,  475. 
fanctioQS  of^  474. 
effect  (rf  chemiol  stimulatioi 

477. 
of  mechanical  uritatian,  47 

479- 

of  temperatiii«,  476. 
impressions  on,  rehired  to  pe 

phery,  48 1. 
kinds  o^  465. 
laws  of  action,  477. 
of  motor  Derrcs,  481. 
of  sensitive  nerves,  478. 
medollary  or  white  salbtuce  ( 

pleiusea  of,  47a 
of  relina.  641. 
size  of,  467. 
structure  of.  465. 
sympathetic,  46S. 
termiiiatiana  of,  470. 

in  eella,  471. 

in  free  ends,  ih. 

in  niotorial  end-plates,  tJ. 

in  networks  or  plexuses,  I'i. 

in  special  termiiul  ot^is,  U 
Serves, 
action  of  Btimnll  on,  475-477. 
afferent,  475. 
centrifugal,  475, 
centripetal,  ii. 
cerebral,  physioli^y  of,  53S.   i 

CerebtJ  Serves, 
efferent,  475. 
excito.yaso-motor,  577. 
inhibitory,  131,  473. 
of  motion,  or  motur,  475, 

laws  of  sclion  in,  483. 
respiratory,  226. 
of  sensatjou,  or  sensitive,  475, 

Java  of  action  in,  478, 
of  special  sense,  538. 
secretory,  409,  475, 
spina!,  493.    Set  Spinal  Kerte 
stimuli  ot,  476. 
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K«rVMy  tmtiniirj, 

MractnrB  nf,  4(15 

•ynpuilit'tiu.      Sec   Sympntholio 
Htir»n. 

l^^.lli^.■,  jse,  4JS. 

Uliui.  «ir«.'t  uf(»m[m^ii>iionor,47ij. 
of  diriiiun  of,  481. 
•  T«»*-inhililory.  577. 
TBK><incitur,  1 41.  !,^6. 
KGm-ncrTonliii,  4St. 
NrTTon*  (ant,  velorily  of,  488. 

Uytrorniina,  641. 
fStnou*  *a1>tit«nr«>,  cIiihum  in  from 
nieuUl  piiirtiuii,  376. 
fibrouR,  465. 

I>li<>i):>liiiruii  in  urinn  from,  461. 
vrsii:ul«r,  464,  473. 
Ncrrouf  tystim,  463. 
corel)rii«i'iunl,  4(13.  48S. 
tliiviilijpniriit  of,  743,  77a 
(iloiiiiniliiry  ntnii'riii'.i  "I'.  4fi4.  Krr 
NiTve-curiiuiii.'lp»  iiud  Nvrvi"> 
tilirvs. 
influ'.imio  of  on  nniinBl  hint,  143. 
on  BrtrliM.  141. 
DR  conlnictilitj-.  ^87. 
Ou  coiiIrui-tlDD  of  blood- VDMcU, 

«4*.  577. 
on  nrtiRllnii.  184. 
on  nMrk  dljivnion,  191. 
(ni  tli#  lifurt'*  «cti<iii,  119, 
on  niuvniiMri  U  of  in  taatitie>w346^ 

of  ii[tiiniii.'li.  I'H- 
on  udlrition,  3S5. 
on  rnpirntian,  ii6. 
on  iifpreli(in,  40S. 
on  (jiliiiii-t^r  niii.  34<Sl 
of  iirKxiiic  hfi',  464,  jOtL 
nyi)i|uitli"tii',  4(14. 
Kervoiii  alHliictiis  nan  ociilam  IX- 
krnuii,  J4[. 
patiMticuH  scu  trachloaru,  541. 
9tgo»,  557.     Sit  rmniTnagiiiitrJO. 
Ntlw'OTkii,  onjiUliuj,  157,  ^Capil- 

NsimVU,  dl  rbiinn  of  uerrni  fur.  480. 
Ntw-boTn  aiiliti]ilH,  liiwc  n(,  331. 
Kinth  r«nrliral  nvrrn,  j6j. 
Nippl*,  an  «r«etU«  orgui,  183, 

■truritim  of,  784. 
JfUrogpii  ill  biuoil,  S9. 1)0. 

inOuvncit  uf  i[idrooiii{ia>iticin,  10. 

in  rcUtifm  to  facKl,  253., 

1q  tcspitnliuu,  3l(j. 


If  itroKHWiM  fooil,  X45,  X4S. 
In  nUiltm  to  luutciiUr  mrfc, 

603. 
in  TOUliun  tu  uTM,  454, 

lo  urio  •aid,  456. 

(vinciplc^  11. 
lioinr!,  how  produpcd,  65a, 
Noiiea  in  tan,  ftie. 
Note.     Sw  SinolL 

irritation  j^.tttmil  to,  4S6L 

TMlUnllUII    Uf,    IiHllllitiv«    ]ihcllj 

mena  in,  4N1. 
Hoa-kinlixMl   or   liou-iiitrof^nonH 
food,  a4j. 

orgBoio  pnaciplM.  10. 
Hoa-vucnW  vin*.  mitrition  of, 
385- 

Nuclci, 
■Utcrlptliin  of,  3]. 
In  duvdupiiiK  mhI  gi«wln)[  puta, 

NuolooU.arnucIoiu-aarpiifirln),  33. 
Kutriliou  eaiupHrwi  irilli  wvrdiou, 

4'>S- 
conilitiani  ncceoarf  to,  38}. 
ekampb*  of,  376. 
RDiianl  nature  nf,  374. 
liifluenc*  of  ooniliiluua  of  lilood 
oil,  J83. 
of  uorruufl  vptnn  on,  3SJ,  548. 
of  itate  of  pBTt  ou.  389. 
of  auppl^r  of  blood  on,  3S4. 
of  ■ympotluticsavMon,  57J. 
in  pDialy»d  puta,  386^ 
in    vuculur    aud    non-viaeulur 
pBrt*,  3S5. 
Kntrltiva, 
r«[wlltion,  38*. 
r"|ir<HlucIiKii,  1^ 
Njiiiplin',  717, 


0. 

Obli()iio  miiiolm  of  tli«  tff,  ictioK 

'•f.  S43- 
Oimlar  eltrft,  773. 

■pwtniui,  639, 

OdouT\ 

DIU3M  oC   63a. 

dilI«ront  kiudi  oC  634. 
peroeption  of,  630. 

rann  in  differsnt  r1awc%  634. 
rclal  ion  to  losu^  705. 
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(EMpliajn  utlon  of  in  dcglatitieai, 

rvflox  iiiorfmanU  nf,  soa 
Oil.  *lwor]>tion  oi;  364, 3T3- 
Oil;  lUMUr,  II. 

ooaUd  with  iilliainaii,  3J9. 
OU^nouD  iviaeiplds  ^igMtion  at, 

OUtn,  II. 
Olbdor;  cnll^  6^ 

lobM^  fwneiuna  «f,  531. 

iierr«,  631. 
MtHctin  MiiMtiw*  cf,  63s- 
Oltvunrbodj-,  511. 

fiucWliu^  5 IX. 
Opbthaliniii  ganglion,  nlation   «( 

tliitil  Btvr*  to,  539. 
Optir  loboi,  isiTporn  qiiodrigaaiiu, 

(luclioiui  o^  521. 

nerrs,  deouwBiioo  of^  66&i 
flta»«  «i:  475. 

point  or  miiniiiM  biMMlU*  to 
dgl.V«3. 

tnalsniUM,  fnuciion  or,  $tl. 

VMLiJ^  tirimury,  77a 
MWD'lity,  772. 
OptiiBl  •n^  63  j. 
On  aemU  ol  rctuia,  638. 
Onl  etaiti  tnd  otiI  epMiiniL  ^sa 
Uipnlc  compoiui(U,  inffalilfityof,  9. 

pociilidniii-jof  *i>iu«,  & 

]iri>f£i>ii-4,  iiilliivuc«t4qrui  poitJintie 
mm  ujuju.  ^73, 
Orgmintion,  itvlisitiMi  eJ.  S. 
OtgUK  plunlitv  of  eonbnl,  U4. 
Oigu«MMiiM,cl«Tdi>I>Boiit  0(^701 
0>  DtUedlu^  674. 
On  uteri,  717. 
Onnami.  3WL 
Obodm  Ubjrinlli,  £76. 
OMIcIm  of  Ui»  mr,  674. 

otncw  «f,  6Sj. 
0«*Slivaliun,  49. 
Oniciila  nuilituB,  674. 
Otocuniu  or  OUilitliia,  679. 

tue  at,  69% 
Oracieiv  7i4. 

«iiil«»nifnt  of  «t  piiberly,  733. 

Owmkn  vsalclu  iu,  718. 
Otomc^  718, 
OtuU  NalMttiE,  717. 
Ovum,  719. 

action  Jl  aeuunbl  M4  on.,  1  J& 


1 


1 


Ovwn.  cwKaMrf. 
chaiigQi  ti  in  orary,  7^^ 

pierioiu  to  fonnatiaB  of  od. 

1«T<V  739-      . 
•ubw>)aftnt  to  claadntb  \ 
(n  «tani%  741. 
eUaviue  of  jelk,  74a. 
coniiuuoii  M  witli  utPHLV  71 
dixliai^  of  fnia  oral}',  733. 
(onnaUon  of.  711. 
ganninnl  membnuM  of,  743. 
(pmninal  tmcIo  and  (pot  o^  Tia 
UDpnKnatMn  oC  73i-  ^H 

Mtniclara  nf,  719.  |^| 

OvUiu:t,iw  Fallii(aaD  tubt,7i4,jl^ 
Omlio  mM  ta  nnu«t  4^3. 

m  blood.  S9.  >19> 
OHiBniMtl  in  tmatliin^  310,  II5. 
•ffMtt  of  on  onloKt  of  olanl,  Sj. 
on  palmonaiy  tucalattm,  ibfi. 
ptD|nnlau  of  to   cariMnla  adi^ 

3IS- 
anion  Billi  cMtion  uil  hy 

{iiodiKiiig  bwt,  3j6. 


P. 


r« 


rarlulBn  liodlM  or  oorpuacliM  47l< 
Tain  •xci1«<l  by  th*  mukI.  ;■& 
.  in  iwinlfHil  pnn^  479. 
Palate  in  relatico  to  d«glul>tio«,36i4. 

lu^^m  of;  559^ 
Palate  and  unua  in  ralMim  toToier, 

6t8L 
PaJmldn,  11. 
Pkncnaa,  3IJ. 

d«v*lopin«iit  oC  77$. 

funatiotu  of,  311. 
PaDcTMtio  fluid,  31a. 
Puncnatin,  it. 

of  the  kidsqr,  441, 

cf  akin.  diiinbuLlon  o^  4x1. 

ead-bulba  in.  41$,  4U. 

apitbaUun  of,  42$. 

wm-itm  in.  4i». 

wpptj  «f  blood  to,  431. 

toui^i  mrpuailea  in,  4:^ 
oftaoUi,  54. 
of  tongue,  60S,  700L 

dranmvalUu    or 
TOt. 


HI^^^HI  ^^1 

^^^                          xsvex.                          8ti        J 

B   P»fA\U,  etnliat^ 

PcRnktiuit  tanil>j(i^  41.                        ^^H 

H      wtdnKiM.CMii'ialor nllToiro,  701. 

tfnth,  50.                                             ^^H 

■         Auagiluno.  ik 

PurKpiiMtirru,  cutuwonn,  433.                 ^^H 

^         au  oC  703. 

iiiMiasiblu  aod  wnsibla.  4^               ^^H 

Puvglobulio,  74. 

'jr>ii[WTy  conatitiwaU  ol^  ii,               ^^^M 

Pm  neum.      &*   Pscumogaitrio 
H         n«rvc. 

I'tqvi't  ^ubA\  301.                                ^^M 
nuiEtiaiw  of,  303.                             ^^H 

H  Puiificd  port^ 

poleha,  ^1.                                       ^^1 

■          fain  ill.  479. 

icMnaUjtiico  ta  nwulir  gUndi, 

^1         Bulrlliuii  ttf,  3S6. 

305,  410. 

^^      IbnUk  tMn[ivnitur«  of,  343. 

utmetur*  of,  30*. 

pntervatiun  of  Huailiility  in,  4S1 . 

Pharyux, 

i^lj^u,  crow,  513. 

tctiou  otiu  BHoUoirini^  164,  500, 

•Mt  of,  according  to  part  of  evra- 

5*0. 

Wo  »|^iial  axia  injured,  49D. 

iuOuiucB    of    glowi)-phuTnsi.'ul 

de  ivi'iy  in,  506. 

iiiTTo  on,  544- 

ofpncumoKnitTicncrraoi],  j^% 

^        iutlui'ncs  of  tiiiukl  Gonl  thown  In, 

559-                                          _^ 

■              496^ 

PhoiphatM  in  ttMoaii,  17.                    ^^M 

■      nnrx  iiiiivoiiiiiiita  111,  joi. 

jirvMnt  in  tJliumvti,  13.                    ^^H 

H       •tttanriut'.iHliiivi  bi,  n6. 

Ui  blood.  So.  Ha.                           ^H 

H    pKrotiJ  gluud,  laliTit  bvu,  359. 

in  uriniv  463.                                   ^^H 

■  PvtielM, 

Phasplionui  in  humm  boily.  17.           ^^^ 

H     dhui^  ofiii  iLulriiion,  375. 
H     diintioa  of  lifo  in  Doch.  3S1. 

union  of  with  oxjgnu  producing       ^^M 

ha»i,  336,  natt.                                    ^^M 

H      natUTkl  di'my  nnd  dcntii,  J76. 

in  urine,  uurco  0^  462.                   ^^H 

^1      t"™^"*  *''^''"'"''"K  "B^i  i^*- 
H      ri'BioTal  whnii  liumlroii  or  ufTeto, 

Phr«ialoK7>  535'                                     ^^H 
Pliftiology,  iWnnilInn  of,  t.                   ^^^ 

■             376. 

PiiimaMr,  oircolation  iit,  iSi.               ^^H 

Farluriiiuri,  nii-i'lmiitim  of,  114. 

Pigmaut,  39<                                           ^H 

PaUicticus,  nr  fijiutli  ucrrr,  {41. 

of  choroid  coat  of  <7*,  637.               ^^H 

Fmuo  iu  hmirt'i>  action,  1 19,  tio. 

caiiiixntion  of,  41.                             ^^H 

iMpintory,  na 

ol  hair,  378,  419.                               ^H 

Ptdundtt*. 

of  idctn,  I20,                                       ^^H 

UMk  of.  41.                                     ,^^H 

Plirni«ni-«eUH,  farm  o(  36,  40.             ^H 

of  Ihoconbcllum,  515, 

of  tbo  cenliniiii,  531. 

Pelviiiof  llio  kiiluvy,  441. 

Piuwl  (cUud,  537.                                     ^^ 

IVois, 

I'iiiim  of  oar,  67 1.                                            1 

corpus  otrvrDoium  of,  iSj. 

"  PiiiB  uid  uecdlos,"  atCHtion  of,               1 

dcvclopmoul  of,  781, 

479.                                                          1 

cTvclion  of,  ciplnixicJ.  1S3. 

Piwl;  of  voiee,  61S.                                        M 

roflci  Mlion  in,  1S4,  505. 

i'lth  ofboir,  411).                                    ^^fl 

F»pdn,  16.  275. 

Pitnilory  gland,  537.                              ^^H 

)\i[ituD»,  aSj. 

Plnccnla.  749^  7JI.                                 ^H 

Perctption  oracniatlnna  bj  cBTcbml 

fonimlioii  of,  755.                                ^^H 

bemtiplicnu.  4)14,  531- 

Iu'.IhI  and  Inaliillial,  7J7.                        ^^H 

Porickondriuni,  41. 

tvlatiou  of  tu  tliu  livrr.  33SL                  ^^B 

Ponl^mpb,  01  fluid  u(  UlifTiatli  of 

KtruL'turui  I'Uiniiuiiiig.  757.                 ^^H 

Pkuti,                                                     ^H 

dislinationi  from  anJnul^  4.             ^^| 

Parii»I«uiD,  46. 

Pleiutea  of  nervM,  470L                           ^^1 

F«ri*taitio  moTtmant*  of  iiit«ttlo«ii, 

tomtlniil.  471.                                          1 

m.        M4- 

of  apinal  ocrvu^  r«latl«n  to  ooni,               1 

B     of  itoiiucu,  38S. 

<93.                                              ^J 
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PneoMmtTle  mttc,  557. 
Aimtihatiaa  of,  Sj7- 
nilind  tmnctiooii.  558. 
ianvcnci-  en  iclioii  of  beart,  131. 
on  cl*|ttutitlan,  165. 
«a  iUiemUoii,  (91. 
ou  rubctioni  of  Uryiii,   558, 
.SS9-. 

oCiiuig^  it. 

on    nomiKoU   of  Momaeh, 

on  Miplntioti,  tt4,  5£i. 

an  Mtcnllon  of  Kulric  flnld, 

en  •nuation  of  knsgvr,  191. 
of  iLint,  a^x. 
crifilii  o<  fron  moduli*  oblongi  la, 

S'4- 

Toiaaaod  <raQtul>t  abaovptioii  from, 

INjUona.    nkrcotlc,    btroduced    in 

«lo«nacli,  393. 
IViUHty  otniHiwlMi  wj,  n«((. 
]V>]j]P)aoBi  bfnU,  lliau  orNballd, 

pMii  Virolii,  it!  ttructuiT.  JiS, 
i'WUl  blood,  cljAnctMa  of,  87. 
ouwK  p6. 
idreuJalioD,  109. 
functiiin  af  (pUon  vllh  npiti 
to,  41& 
twin*,  aituutnnaiit  of,  316. 
Ponti  ilDja,  of  Mvuatli  iiervo,  550, 

mullbi,  iif  MVVnTli  nCTTi<,  679, 
I'ugt   uitittnn   iiKiditj.    £^  Uigor 

Murtii. 
Poilurc,   rffatt  d  Mi   the   bciut'x 

neiion,  iij. 
PotMMUU,  mlta  el,  in  flntdii  ud 

Umum;  17. 
pNgntncy,  ntawnco  of  msHBtnuIkn 
diirliiK,  717. 
«ln>ui  liilnuiii  ol^  }ji. 
IllfliMuca  Uli  bliiuil,  Kj. 
Plti»li: 


liyoiiiii. 


01    luug  -  SKbtednca, 


PraMun  ou  pyr.  cfforu  ct,  665. 
IVimary  meiiibnio*,  395,  40a 
Friniiii-*,  dental  groora,  J4, 
raK^iiali  and  UbriU  at  muscle. 


■MMiKitsnMViv  10^ 
I^oooM,  renniCxai,  5x4. 
l>anii— ■  tpacilii.  674. 

a  MNMUo  ad  t«aua,  531. 
Proatat*  gland,  731. 

flUKtfamt  ut  MCMkli 
T3T. 


KS?/* 


13. 


Prottin'««iKpniuida, 
rcatopkin,  ao^  77. 
Pirolm,  aciMtt  <j,  362. 
Palxaty, 

dikRHH  at  parted  «f,  713. 

indlMtoi)  by  waaUriAiMn,  Tai^ 
Padenda,  717. 

PtdlDDUBrjartrTjr.valvnor.nSilig,. 
eapUlann,  191. 
eiTcnlitioii,  101. 
influinicc  of  oarbcoilc  MJd  n, 
saS. 
of  pnranioga*tric  Mfr*  m, 
5*1. 
velwity  of,  179. 
PuluofbBir,  3:8. 

of  twill.  Jl. 
PuUo.  nrtcnol,  143. 
cfinw  of,  i'Jl 
.lu-TOloun,  Kl. 
iliHi'ivncf  oftim*  Is,  145. 
oxiiliiiiiili/in  at,  14$. 
irri]uuii>:j  uf,  114. 
iliitui.-U('e  of  age  in,  i*i. 

urfooil,  {nsltirp,  etc.,  I15. 
olnrmtiom*  00  witli  iplijtgm*' 

((TBph,  I46-I4S. 
ToUtion  or  to  n«|iirmtiim,  j 
trncinipcrf,  148,  151. 
in  Urc*  uvritsi,  1  jft 
ill  radiij  ktUty,  ijt. 
rarwlioiiBiii,  i^'iaC. 
in  «i>ilUrim,  i£o,  161. 
PupU  (aey^  oDicB  oC  644. 

nslationof  thinl  Btrvc  to.  ^ 
Put][>tiT«  aclioa  «S  bile.  317.* 
Piu,  containa  aUnunen,  13. 
Wtnibclion.    Set  Dtoaiap 
•rrnUd  by  ipatHc  Hold, 
ryloriH,  auwinT*  of,  36b. 

avtjon  of,  X&J.  iSS. 

PjraaiuUI  portion  of  ktdoay,  44a 

r7TuniidialineduUaoUaiigu^5ii. 

Sia. 


i 
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Qiudnipodj,  nliom  «f,  66f. 


BaitUttcn  "t  ImpnMiionii,  ^Sti,  499. 

CTMunti-jii  ot,  ■  nlifX  net,  J05. 
aivi:haiii<nii  vt,  lya. 
Befl«xion  of  nanrmjatu,  ii6. 

bjr  mednll*  oblongata,  J15. 

vr  PfAniH  coid,  499. 
B«ni<K  aclloni,  486^  499. 

fa  oi'cidtnu.  506. 

MiiiUtloiM  neft«MU7  to,  487. 

ill  iUmibm,  107. 

•xamples  of,  501,  505. 

exeito-inotiir  uitl  wusori-motor, 
504,  note. 

fnwnl  rule*  or.  4S7. 

SuUpradont  ofmiiiil,487,5oi-5a5. 

biAnsnce  arconl  on,  yio,  507. 

Itnenlw  in  dUcMo,  487. 
•n«r  MfwmtloD  of  wrd  Trom 
bniiii,  501,  (05. 

pnrponve  iii  lumlih,  4R7. 

NlUloa  of  liftli  uvrvii  tu,  J46, 

letaljan  to  rolitimi,  50J, 

to  walking.  nmniDj^cte. ,  506. 

niAtulnctl,  4SS. 

tntotiitiia.  Ac,  $07. 
Btllut  ftinclion*  of  medulla  oblon- 

««•.  5 '5-  , 

of  ■piiml  coni,  50a 
BcliaGlion,  Itvn  of,  643. 
Borracting  uii.-di(>  of  ryn.  (^43. 
Renal  artciim.  iimiugcm«ut  of,  444. 

veiiii,  blood  of,  8"). 
Bopair.    Stf  Nutrition. 

Tttanlcd  in  pnralytcd  portav  jSS. 
IWpttltlon,  niitntivo.  381. 
Beptodnctioii,  nutrltivo,  H. 
KoMnv  •ir,  jot. 
B««diulur,  A 
Honiintioii.  iS€. 

■MOTnisal  Iffe  uf,  19S. 

uoinoniii  nnd  otiicc  product*  ex- 
hnlfd  by.  3iS. 

uulxiiilr  nrid  liicrmiwd  bj,  311. 

cliariKi^ii  »f  air  in,  JtO, 
iif  b1oi»l  III.  J 19. 

ooMjiI  tyiifnof,  igS, 


H(i4|itmian,  confin««l. 
fore*  of,  ioj-ao7. 
fri'iiuFni?  uf,  loj. 
bllumce  of  tmla  on,  jof. 
of  mcdaU*  oblongata,  aaS-aij, 

ornnoamoKiuTric  n  i-rvf,  5 14,  JCO. 
tnenruiiiKiu  "f,  I'M. 
niovgiuFuU  'A.  f>i.    Sa  Btapiis- 
tory  MovniDoiit*;. 

of  air  in,  loS. 

of  blood  in,  it. 
nitrogea  in  relntlon  to,  ai&. 
oxygen  diniiaiihtd  hj,  215. 
quuilitjroralrchBnaoilln.  301. 
niatina  nf  to  tht  piUH*,  1  sb. 
Ktracim*  uf  oreun  oi;  i8S'i94. 
HmpoDKioii  and  una  of.  137. 
tnuiwntura  of  air  moroiMd  by, 

typeaoi;  198. 

wTktjfy  vnponr  exhoifd  in,  at?. 
litBpirBtary  cnpacity  of  phort,  «m. 
fuiictiou  of  ikiii,  436. 
movdiuDnl*,  I95'i99. 
ofair  tahna,  307. 
centre  of,  ibe  mwluU*  oblmgit** 

ffTi'i't  of  on  cirtmlation.  1 75. 
«i('il«d  tlinitigh  npTrn,  «ij, 

by  Torioiu  BiimnLi,  51  & 
ofripinijon,  19S. 
of  gloitix,  3oa 
influence  on  amoantof  carbonic 

acid,  311. 
of  inapiinlioii,  195. 
nlatiiiii  tQ  «'lll,  504. 
TariuUH,  uiocliuiiBm  of.  loo. 
icnmliM,  19;.  199. 
jionpr  of.  jftj. 
lecoudAry,  131. 
iKTve*,  117. 
rhythm.  300. 

tract  of  inucoua  mnmbraiMi,  J9^ 
Heat,  faTiinrablR  lo  ooagnUlioD,  66> 
Itejrtifonii  bodk*,  510,  Jti. 
Sccehin^  MtliluiRlion  of,  390. 
R»U  mneoaum,  41a. 

ImU«,73». 
lUtiforai  tiitno,  167, 198)  355. 
lUtina.  638L 
dutalion  of  imprciuionii  on,  659^ 

of  altcT' xcniutioiiN,  659. 
tttixt  of  praaaux*  dd,  MJ. 
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boal  dUUiioc  o(  649. 
bnctiMicd,  641. 

iBMOfiUa  at  mnwM  of  af4K 

tBMBcMMt    Uciu    bt    diitiBei 

tiuok,  £41. 
to  «iMdniiiedi^  667. 
napttetl  Mtkoi  of  put*  of,  Wi. 
ia  nlulMB  ta  dtncdiM  of  ruion, 
656. 
t»  ■edoa  of  hoUtu,  657. 
to  daftl*  *U<M,  664. 
to  liM  of  B*U  of  vlMco,  654. 
itrtetara  vl.  6}8. 
Rbfthm  rf   Mart,  cauM  at.  laV. 

fiMUMTt. 

BIfwniMtk,  $91. 

«ftela  kU  cuJiMi'  of  bumIciv  594. 

phiiMOinma  knd  taww  of,  M3. 
StmB  )clatti<lii^  noranuBt*  « Is  n- 

qiintkiii,  MO. 
Bod*  of  Ccrii,  6;$. 

BM  of.  602. 
Boot  of  D>U,  4)l- 
Itoot-aliMth  (4hair,  43t- 

BoOta  of  Spiiud  MTTM,  49C^  MI. 

kntarior  ui>l  f«M«n(ir.  fptdaTjiro- 
propcrUn  oi;  4^ 
Brtitiotti, 
CeUgiiiliig  i^)«ry  of  ena«  etnbelli, 

pioMMd  bf  dh-iding  Iba  tim 

ON«bri,  jii. 
HoiileMix,  (onnatkti  of  in  blood,  6t, 

73. 
Rubbiiifc  isftoMiasonailMicowUt- 

noqillon.  437, 
RvgO!  or  foldi  (ri  ilomacll,  s66t 
Kiimliixlioo,  39a 
KumiiiiK.  nuchanlm  «j^  6ot. 
Hut  or  l>«at,  724, 


Uonof.  186.  ^ 

■dioii  afbilie  on,  333. 
abaoTHtkn  ot,  ^39. 


SMeiilme7S. 
8atef-r>lv«    action    of 

tain,  115. 
SoUtM  anHUnMts  of  bile,  314. ' 
StUno  oonaUtuanU  of  blonC  it- 
nm«t,9J. 
ofutiiM,  460. 

ualOMn.  abrarptioD  oC  369^ 
S*Ut%  mUob  of  00  food,  363. 
onotmli.  3^ 

ounpoMtiaB  oC  mol 

dlgaliw  Moportk*  nl^  ata. 

tmmiimiliM  t^rjiOMi*  eil,  161. 

Or^uM  for  pfoducibn  dC,  >5&  | 

phfihal  ptopmiM  Hi,  359. 

fmrpoatM  ut.  161. 

qvanlitjr  sccreled,  *6a 

rate  of  Mottion,  ik 

MMtic«  at,  359. 

rakdoa  to  cutrie  fluid,  163. 
BiHtmt  itlmdi^  336. 

defnlOTanont  of.  774.  ^ 

Soil*,  aQcaliiM  ami  Mrthf,  inflanct 

on  oaagnlatloQ,  65, 
Suce4^30. 
SuooiMiaa,  5S4. 
Sueon*  •Imoita,  5SJ. 
SeaU  uodli,  677. 

VMt^aIi,a.  ' 
Setawlic,  637.  &«■ 
Senirjr  from  wwtt  of  ngrtUHK  9 . , 
flowaw,  inSamM  o*  eubonio  am 

*aqu«d,at3. 
SehueoM  ^aiili.  43S. 

diMrMcrotloi],  433. 
SfCTIrtlnS  «'*"<'■>  +*'■ 

a|!];n<;:al»l,  403. 

MBvnliitnl  luMlar,  403. 

tabular  or  nmpic,  401. 
Socrttlw  incmbniiea.    Sit  ] 
■oiTaeniu*  ncnibTaiioa. 
ovovttoQ,  39^  

aetiiOB  M  ulband  nocld  in,  pn- 

apparatw  inBUmty  tar,  393. 

cficBiiwUiioM  iuSucBdo^  407. 

(Uachaqto  oC  40& 

Erwral  BiMrfi  oi;  394, 
hiraio*  of  iMrTtnw  (jittm  on. 

of  iTiuiMthrtio  aoTT*^  573. 

of  iguautily  of  blood,  407. 
proocnof,  394. 
rdatioo  or  ant^f^iUm  ol^  4091 


^^^Cm_^H    ^^1 

^H^Bi^BE^^^^^i^^^^^l       ^^^^H 

^^^^                                   UfDEX.                                          S15     ^1 

StCTWton.  tmiiautd. 

f<«>li«tl0D,  «M(fiMl4.                                ^H 

itMmbtmm  to  nutrition,  405. 

of  thirtt.  S91.                                ^H 

hy  iiicuibrsiiii^  395. 

ayniMtliati^  487.                              ^^| 
tQuoc  n  mcauficBtiaii  of,  ;ofi.           ^^M 

movoui,  393. 

•oroiu,  395, 
■vnoTial,  39S. 

tnuufcKUM  und    nilutlon  of,     ^^| 

487. 499'                                 ^1 
too  tdndiL  of,  633.                              ^H 

In  Tiuiculnr  Kl^iid*,  408. 

SelwtLno  o(  nuiUriol*  forabiorptidii. 

of  valaltln  bmlii'ii,  G38.                      ^^| 

36J. 

ofml];ht,  71a.                                  ^H 

StmiciKuUr  e»niu«  nf  mt,  67a 

.S<'n>^.                                               ^^1 

d«Ttl«uiiivni  of,  773. 

of  bMrin&   671.    Stt  HBuics.      ^| 

QMor,61i9. 

Soiiuil.                                       ^^H 

SemUunu  iii]v«,  108L 

of  ngbt,  636>    &«  Viiion.              ^^M 
ofnnill,  a.     &«  Smell.             ^^^H 

action  of.  1 1  $. 

Seminal  fiiiid.  7J4. 

coinponlloa  of,  738. 

of  tuie,  697.    &(  Tut«,           ^^^H 
of  touch.    ^  Touch.                 ^^^H 

coniiMclH  *nd  gnimlM  of,  734. 
•mMon  of,  ft  nAax  act,  505. 

miuculu-,  538,  709-711.              ^^^H 

upacial,  norvM  of,  53S.                      ^^M 

{udiwnc*  nn  OTuia  uidoiabnia. 

axjpuit  of,  dwrlopluuiit  of;  771X         ^^M 

7JS 

S<Tii«n«,  apnruU,  geuent  [iropci-liKH      ^^M 

GlAIDl'LltSi  734- 

or,  613.                                        ^H 

nurjKuc  of,  735. 
lobca.  73  i- 

•olion  of  «i1«nul  ani  lutDnul      ^H 

gliuioli  oil,  635.                        ^H 

Toodra.  735- 

impuiriupiit  of  from  diviiicm  of      ^1 

StluUJdU  ktlui(I«I  bytdto^  711. 

tilt  fntial  n«m,  551. 
{rem  diviiion  of  ths  ttfthncm),      ^J 

CMvbnl  ncrrci  of,  5381. 

uiiiiitiiiiu,  613. 

547'                                              ^1 

oouilitiont  nccoiiaTy  to,  711. 
,     OMnlucUon  of  In  ({Jcal  conl,  496. 
eantnat*  in,  711. 

d«Gnitioii  uf.  613. 

infiuoiice  of  attcntlnii  on,  619.            ^H 

oflntanialliut>rM»loti8<iniivrTm            ^ 

of,  6>6.                                               J 

qnalitica  of  Bxternal  matter  per-     ^H 

Eidt«l !);  taiii<l,  711. 

wSvod  by,  633,  617.                    ^H 

I>f  intciuAl  cauiin,  6i6. 

qwiiial  aervu  of,  613.                        ^^ 

of  hunger,  I'ji. 

■timntna  nxotea  In  ouh  cerre  Ita             1 

iafliicitcf  of  ■itcDtion  on,  629,658. 

own  (onuation,  6^ 

InfliieQUcfmiiid  nsMMuy  loy7 1 1  • 

3eniitivclmprM>toa*,con>lucliaiaof, 

or  million,  hownrccivRd,  617. 
nrnacnlar,  588^  709-711. 

479'                                                 1 
liy  ii|iinftl  rani,  496;  498.            ^M 

oT  neocMily  or  bnatLiiid,  iQt, 

nfciuucv  of,  4&i-48k.                     ^H 

aenw  af,  475- 

niTTd^  476.                                    ^H 

convey  imuTMiiona  to  csotrca 
only,  4*8. 

SviiHury  nngliii,  J13.                             ^H 
Septum  between  anrkleL  fonnation      ^H 

imjiiDuioiuonraremd  to  pcn- 

767-                                         ■ 

pherv,  479^<-  „„ 

between  ventrkloi,  fomiatjan  of,       ^H 

'          lawt  of  wtion  of,  488. 

767.                                              ^1 

|ii<[i'i'1vik1  in  cenbnun,  531. 

Stvodty  of  hWI,  79. 

prtaarrHtlon     of    in    |>iiniIyMd 

Sorons  layar  of  btwitodonnio  nwB-      ^^| 

Dsrvu^  4S2. 

bnno,  74s,  74$.                       ^M 

ntnnd  V  extwior,  4S& 

Sonnit  nietiibniuea,  J95.                        ^^M 

•pwiul,  6*3. 

arrHUKvuii'ut  of,  396.                       ^^M 

Kiimai  of.  475-47?- 

couiiiiuuication     of    lymphUfw      ^^M 

uitli.  3SI.                                    ^M 

b  iturniii.  4S1. 

epiiLclium  of,  39;.                         ^^H 

■olycctiTe,  713. 

fluid  accreted  by,  j^.                    ^^M 
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Setma  nmitinaf^  tmlintud, 
liniagjainU,  Me.,  39& 

rtcaiwta.  jsi. 

■tnietnM  of;  39^ 
SctiiM, 

«f  blood.  78. 

ehior  •onic*  or  itllniBiin],  13. 

tqitiBllan  of,  ta,  78. 
Sttmtli  Ofnbnl    D*rT«,   Midltory 
wrtioa,  679^691. 

tae'M  iwrUiin,  Jja 
8m,  influcDM  on  blood,  8]. 

iuttiiMict  on  producliMi  eS  an- 
borne  vai.  111. 

nlttioii  of  to  tafmcixj  of  ch«it.  lor 
U  )a(4niU>ry  aaovanent^  199. 
Sunad  atfifia*  and  (uncriaiu  in  ttu 
(unwl*,  7i4-73>- 

inUiatnatf,  TJt-T)?- 
StxwJ  paniom.  couiSotiMi  of  wiUi 

nretNllRnt,  518. 
Sighitig,  mccbaaim  «f,  3JI. 
Siidit.    Am  Vidoo. 
Silica,  pan*  in  which  found,  17. 
Sln^inik  nwclutnikni  of,  614. 
Sblgl*  virion,  ciiiiititioni  o!,  664, 
SiaM  lanviimlnn,  750. 

urog*tiit«1i),  779. 
BiMW*  »[  dure  mater,  181. 
Buik  ccmbnl  nvrt;,  {41. 
Sm  of  Oald  of  Tuioii,  654-4S7. 
Skin,  419;      ^ 

■bwtpuon  bj-.  457- 
"rfp**^  439-. 
of  BioUJIie  lobManew,  437- 
of  wmttr,  it, 

(BfuHanc*  ef,  ,lfii. 

cntii  ven  of,  411. 

ejililrrmU  of,  419. 

cm-poralinn  from.  439. 

cxcrcliiiii  hv,  4J3-437. 

•fjwlntioa  of  tartMule  acid  ftom, 

of  valf  17  npoor  Bmn,  434. 
Ittiicliaru  A  4I9> 

rvtiiinitorj.  436, 
IMl>ill»uC  4l3-4i6. 
jwrajiiration  «*,  43J. 
rota  tntwomni «(  4sa 
Mbaoeana  g^ili  ot,  j^aS, 
■tmetim  of,  4t9. 
■odori^iout  i^uiilt  of,  416. 


ntofs  laflMBM  of  on  pTttli 

nrbouk  Mid.  si 5. 
Sniott,  mm  of,  630, 

cMdiliani  ct,  ^o 

diflerent  kind*  of  odonn,  4j4. 

intfiamil  bf  luimi  of  lacHlMm, 

Si'- 
itnpuml  bf  Itslon  of  Ulh 

int#niitl  dcitaiiU  ol^  6k. 
liniiivd  l«  nlUciMf  nfiSa, 
rcldliun  to  contDMO 

633. 
titructare  of  organ  o(  <>}i. 
■Dbjcetin  BcMiitiMi*  oC  6jj. 
vimcji  in  dilftnrnl  miIbuI*,  D, 
SnociinK,  Quuwd  by  ■Dii'i  liKht, 
machiuuan  of,  31]. 

Salffinff,  mwhaniivn,  of,  124. 

iuu*Q  <idodbT,  631. 
Soibi,  wlta  «f  is  blood,  8a 

in  voUdi  and  fluids  17. 
Sodium  in  bnnwi  body,  17. 

chloride  of,  in  albnaim,  I}. 
Solid  bod.  aetkn  of  gultk  luid 

Solitarr  gb»di,  301. 
fionurotu  vlbntiun*,  bov  oomniuni 
catod  in  tar,  6S3,  *.  *. 
is  air  and  v»t«r,  683.  AcfiouajL 
S^irano  roiM,  614. 
Soond, 
ooDdnetion  ol  tj  «ar,  6}o. 
by  «xtBmal  aar,  680-682. 
tr  intonal  «ar,  689-691. 
b7  nUdk  Mr,  683-689.        _ 
novomenla  and  Mnasttont  |>io- 

dond  t^,  697. 

pttoMitioii  m,  691.  H 

of  dlndkin  of,  693.  H 

of  dtrtaneooC  694.  V 

a  ilato  of  Ibe  auditoiy  aait, 

695- 
puinaiwnca  el  aMisBthni  ot  694. 
|irodaced  liy  oentnctloa  of  Tun*- 

cl«,  S90. 
production  of,  69s, 
nibioctit*,  696. 
Sotuu  u  esjirMiuaa  of  injnao, 
614. 
chnriitd,  614. 
ofbcatt,  119. 
CUUMOC  ito. 

8c«m«  ofiiaiTov*  (oror, 


I 


wflsx  toU,  507. 
in«.  614. 

tnscluiiunn  of,  334. 
Special  wnio.    See  Stnttt. 
Spwtrnnt-MiBlftui,  86. 

«f  blood,  86. 
Specttum,  ocular,  659-61. 
S]«edi,  619. 

tvnetien  «f  tonj^*  in,  6tt. 

laOvcnM  of  UMdnlia  <iUoti^U 
00,  jij. 
SpMioatwiiilii.  dSTcIopinMitaf,  734. 

(onn  aai  rtractuM  of,  I'i. 

ftmctbn  of.  73  j. 

notion  of,  7^ 

^iMtMOl  ibeiTAtlon,  luilT  CORVGtClI 

in  the  cjft.  648. 
Splicroiibl  ^ttbaliuB,  3a 
Sfhlneitt  tiu, 
*«m«l.S4S. 
Intmial,  3i<\^S. 
IiUliuiiKw  of  simwl  oonlun,  501, 
So5. 
SpbTKmoKTBpti,  l^ti. 
8piu)  acMMMy  nem,  564.    iSw 

AoMMMj  netVB. 
Spda*!  cord,  488. 
«Uial  of,  49a 
>  Gollpction  «f  Dorrou*  nntrro, 

508. 
Celmnoa  «r,  494. 
cenuaimmoC  it. 
condootion    of   impTL-Bionf   bf, 

49S-4Q9. 
wniMof  fibT«i  in.  491. 
doeuMation  of  nousitivc  jin[n«ft- 

rionj  In,  499- 
dtttft  of  iojurivii  <^,  on  coaduclluu 
of  imprMwuD*.  496. 
on  DBUirioo,  3S6-88. 
«D]>r]t<'UiUit  of  porta  of.  493. 
l)wnr<«  and  furrows  of,  490L 
^^    tttantioDii  of,  496-500. 
^^L         of  coliunn*,  490^ 
^^1  iafliMiiceaffobHUT'iactlon,  iiS, 
^H         on  IpapbJiBnrti,  j66,  ;o8. 
^H         on  iphincbir  luii,  $oot  jo& 
^^  «n  tono,  509. 

mofbid  irriul'ililjr  of,  507. 

neiraaor,  49J-95. 

r«QKx  fiiuctiua  of,  $oa.     8t»  Ba- 

lli'x  Bctiun. 
%\t*  at  parLi  of,  493. 
■truulur*  o^  4i)0> 
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8[driftl  rmd,  omUiuiol 
trHufoicDcoui(lnuii«tioniM,4S5, 

SpLnni  nvrvn, 

uripn  oC  493. 

phyiiolof^  of,  56^ 
Spiral  «(uial  of  oochin*,  676. 

Ummft  of  cochlea,  £77, 
foncdon  of,  A9>. 
Splora, 

M  ■  hlnod-fomiing  nrKvn.  417. 

in  niation  to  •liKnliob,  41X, 
to  jiortal  ciTEuUliou,  lA. 

biliiiut,  41a. 

Mitlpi;-hiui  torpu»clt*  of,  41J. 

pulp,  411. 

rtrurtuxc  of.  411. 

tmbtculii  of,  41 1. 

■troma  of,  411. 
Splenic  vein,  bluo<l  of,  S7. 
Spontani^ona  rtiicoiii]Kixitiun,  9. 
Spot,  ftonninnl.  jwx 
Hijiuunoua  apiUivliiim,  yt. 
Hl«I>«i<liuK  iduk]«,  674. 

fuuction  of,  6SS. 
SlapcB,  674,  6761 
Slanh, 

Bctiun  of  cookinR  no,  1S6. 
of  poncTMtic  »«:niIioD,  31  J. 
of  uHWx,  3fil. 
of  vorioiui  init«Unc*i^  ik. 

animal.  334. 

diK<'*ii<>u   uf  in  Kiuall  intcitine^ 

339- 
in  BlumBoh,  2S6. 

Stanration,  150. 

loas  of  trright  in.  XJA 
cfToot  on  tcmpnntiuc.  2jl. 
a^mptmna,  151. 
piriod  of  d«^  la,  051^ 
appaaraneaa  after  da«ll>,  a5±. 

Statical  pr*Hua  of  blood,  iji. 

Stalun.rtlattuiiloOBpMUroCalMBi, 
soa. 

StBUin.  la 

Stdlate  ncTTt-eorpnaolea,  474. 

Stvrcorin,  ^42. 

allied  to  cliolcttcriD,  333. 

SUmMcoH  671. 

SliU  law  fo  ciaplUarlaa,  163, 

Stiuiiiu,  u»  excitant*  of  actttMCtW^, 

590-9*- 
of  Miuiatioii.  47«,  47S. 
of  ipsuial  wcMs,  i«4-3tL 
S  O 
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8L  Hiirtin,   Alcsu,    cue  «f,  l;^ 

177.  »8I. 
Stonuoh, 

blood-VMMla  of,  371. 
dBwIopmani  ot,  774. 
disoubm  in,  aSo^. 

TldiMiia*  of  norroni  ijaUa  oo, 
391. 
difpMtloa  of  tlKtt  lUatb,  194. 
•luniuwl  Uuough  Iwtulw,    373, 

iSi. 
glKndioT,  >68. 

lantionW,  370. 

tabohr,  368. 
Dummeiiiii  of,  387^ 

iuflnaiico  of  uocynui  nyMmi  00, 

In  TomltinK,  389. 
nooan*  nianiiiMns  o(  366. 
■niucular  M«t  uf,  165. 
pumgn  at  aubttUHM    Ifttu   to 

uriM,  44& 
prMmeo  of  not  abtolutelj  lUitiiic- 

tir*  «f  ■nimiK  7. 
1b  nblion  to  hnnger,  191. 
•MNtlon  04   37I-     Su  OMtie 

fluid, 
(traotnn  of,  365. 
lampenlBn  ot,  173. 
Strip«d  muaL-ular  libre.  SSS-*?. 
StToma  of  oToiT,  715. 
Stnietunl  olungei  of  food  in  tt» 

BMcb.  383. 
Stnirtttnml  eompoBition  of  tiimuui 

body,  19. 
ittanijM,  MUMttan*  in,  481. 
SiiMi^Uv*  WKUtioui,  711. 
of  tound,  696. 
«r  Urt^  706. 
SubloboUr  ninib  3t& 
Swtkinfr  nwchaainn  of,  ttf. 
SHdoTiparaus  gUud^  416. 
Iheii  diitributioii,  437. 
number  of,  ib. 
Uicii  necrotion.  433. 
Suifoc»tioo,  118-31. 
Sugar.  diRntion  of,  1S6,  331. 
w  food,  «iporlinc>nt«  imh,  24S. 
formatiDn  of  in  liver,  333-40. 
Snlpiuun  In  nhnti.  46& 
Snlphat,  in  bll«,  jjj, 
In  biDDin  bodjr,  1 7. 
union  of  vitli  oiygen  producing 


1 


Sulplm',  enlmued. 

in  nrine.  Ml. 
Sopfarawl  eaiNnle*,  4i<v 

dcfolofonent  of,  777. 

diHM*  of;  nUtion  to 
Itan  of  ikin,  416^  mttt. 
RvallolriDX,  163. 
flw«t.  4J3. 
8]rmpetlMtic  turre,  567. 

diusetor  of  ntoveoMaU  I 
tiLron^,  575. 

oommanintica  of  oitfa  fifth  ns 

wllh  glouo-pluirTnnal 
S6S. 

Willi  Hixih  naiTA  541.       ^M 

wilb  R|>iiitl  nrritn,  $68.     ^H 

oonduotion    of   iraimuions  b]r, 

■bvinana  o^  567. 
fibrtB  of,  oonno  of,  570. 
diOerencM    ot    fram 
•pinal  fibrM,  468, 
nlxtUT*    wiUi    ««r 

fibm^  S7I. 
roUtioo  to  eenlMo-tplaat  1 
U.ai,S77. 
pn^lu  of,  567, 
Mtion  o(  574. 
co-ordinnbnn  of  ntOTCBisnli  In-, 

In  ntlMtenM  oTonua,  JTJ 
lannenca  of  oa  Uood-TaMU^] 

00  biart'i  ution,  llS. 
on  isToIantary  luoltaii,  574! 
on  nntrilion,  388,  575. 
on  MCMlion,  40S,  575. 
plir*iDlo||7  o^  iJO-jS. 
ilni«tiu«  of,  56^  . 
S]moTl»t  floiit,  MCrMiuR  of, , 

monibtuMi^  396. 
Spnionin,  15. 
Syatmiiii:  nmilitUon.  lOI,    SitCit- 
i-ulilion. 
v«9aoU,  103. 


T. 


T«it,  633.    Sf  Touch, 
i'uinia  acii^  tort  fbrfolatii^ 


am  CM^H 
3,5».JH 
«nbr»*|nV 

1 

„!«bT, 

4 


^^^^M__^M  ^^M 

^^^^^^^^^^^^^^^^B^^^^l     ^^^^^^1 

i 

^H                                             INDRX.                                          819 

^^rrny'-"-.  -^ 

TMwlat«d  «pith»Iiuni,  30.                 ^M 

r  1WI^69j. 

Toaticla,  tji.                           ^^^H 

CMidiliona  Tor  pcmptioii  nf,  697. 
oonnecttnn  with  anivll.  703. 
inijiilr*d  l>r  in  Jar;  of  fuiiitr  narve, 

deTelopment  of.  777.             ^^^^| 

iitnictnieof,  731.                  ^^^^| 

Tetanai,  rotUx  moTDinontfi  In,  507.   ^M 
ThaLuni  ontlci,  funRtion  uf,  jii.         H 
Thbd  ctrebnl  aerr*,  539.                  H 

5S>- 

ef  tlfUi  ntrrp,  547. 

BOTTw  on  whicb   Die  mqm  cI«- 

Tbtift,                                                  ■ 

^_^      ptind^  S5S.  703.  704- 
^^KP*raiuiFnw  of  iiuptsuiiouB,  70J. 

allajtd  by  cnUneout  abiari>lion,     H 

4}9-                                                 ■ 

^rmt  of,  69S. 

e»n»  of.  £4-                                 ^ 

Nl^vctire  MnMtiaii^  706. 

■ematioD  of,  19).                            ^| 

nnationi  of,  704. 

Tbarucic  duel,  3^9^                     ^^^H 

nsrw,    (ulphnr  combined  vitb, 

Tivochollc  aclil,  31J. 

ThoMZ,  <M.                                 ^^^^1 

Thnniuii^iinil,  4rt.                 ^^^B 

function  al,  414.                             ^H 

Tcoth,  JO. 

L         dnTvlofonent  «ii<l  CMllng  or,  54, 

i79. 

Tbyniid  gUiid,  41 1.  413.             ^^^H 

parts  oT,  yt. 

I'uuctiuu  or,  415,                       ^S^l 

Mfnetim  oT,  ;i. 

llifniid   cutiiuge,    ulraclnre  au^^| 

Itnpoiaty  and  pmnntient.  ;;, 
TnnMnunviit,  iaBueiice  uu  bluoO, 

coDDoetians  of.  607,  60s.              H 

Timbre  at  voice,  615.                             ™ 

Tiiwue,  •dipow).  3S. 

TMnpnalnra, 
■varnge  u(  body,  331. 

are<^,ceUulu',  or  connect]  1^35. 

fatty.  18. 
muBcuLir,  jScx 

.        diangM  oT,  (IR-ula  uf,  134. 

^^B  CtnnnuUuioM  nioiliryiiiR,  33s. 

Timiak, 

^^nf  caUl-bl«nd«IftiulwAnii-bluu<i«d 

■beorption  of,  365, 

^Hl       Miimd*,  1J5. 

olenieutaiy,  elruutun.-  of,  ag. 

^^Bn^MMeh  334- 

decay  and  tmuomI  of,  375. 

^^KliKnMtd  power  of  nuppoiting. 

ereotUe,  183. 

r        241. 

nnitnaljj  ejtovtory,  95.                   M 

L        influiucn  on  unnant  of  cwbonid 

nitiomian^  uiot  derived  Emm,      H 

^^K         acid  producMl,  313. 

4$5-                                        M 

^^■on  narr**,  476, 

mitnUon  or.    Stt  Nutrition,            H 

^HliM*  of.  ijSl 

rnlation  10  bloo-l,  ■(>;.                      ^ 

^^RBiiutf  muic'e  of.  1^6. 

^^f  «f  Huntnalia.  biidi.  etc..  334. 

vn^cnliir  stul  nuii-cvi'iiliu',  385. 

Tone  of  bluod-vroelii,  143. 

f         modilicil  by  oflf,  ew.,  jjj. 

of  muKlr*.  508. 

L         of  panlyui)  fan*,  243. 

of  voice,  6ij, 

1         KspiUliim  of,  ajS. 

Tongue.  698^ 

1         nlatioii  o(  to  uDiiliiiHtion  nf  oat- 

action  of  in  clrgliilitioo,  264. 

^^_         ban  und  hyilrojiKii,  lj6. 

In  iruckinji,  iiy 

^^Kgf  ivsjiiniil  ail.  III. 

•pitliMliuni  !>)',  701. 

^^^MDMnuu   t'f  ruintioni  of,  7IS- 

function  uf  in  ■{hhiIi,  tin. 

'                 Sw  Htal, 

iiiflii«iic«   of    fiii'.iiil    nofve    «a 

Ttmponay  Mrtilige,  41,  43. 

nmaclea  of.  5S2- 
motor  nerve  of,  <65.                        m 

u  ornnof  toucli.  703.                   H 
liaTdllM  of,  69S.  70a                      H 

'              ti-Blb.  55. 

Tondiuuiu  cunli.  106k 

Tendons  imiotiiio  of,  37. 

Tenor  Toict,  614. 

jiarU  matt  nmulito  to  tacte,  55,     ^M 

TenMi  nnipHiii  tinucla,  674. 
L         ofliM  of,  ISH. 

T^i.                                      ■ 

■tincture  of,  69&                           V 

k^ 

3  n  3               ■ 
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Tootli-aclip.  railintion  of  aemation 

in,  4SU. 
Toolli-I.iiif;.  50. 

iilrriurjht^'iL  <tf,  379- 
Tooth-]. ui|.,  51,  52,  55. 
Tour.li,  7oi'i, 

nrii'r-j.i'iis.'itiim  of,  71 1. 

chnriirt'Ts  of  r\ti'iii:il  Im-liL-a  as- 
ciTtaiui-il  liy,  707. 

Cnniiitii;,-.  hir  Jn-rlii  tioii  "f,  708. 

tuiiin'cliiiiiolttilliiiiUMiilflrsuiLSc, 

to-oi">i.ili"ri  ^.r^iiinl  willi,  71 1. 
limctioii  [il  ailiilu  witli  ri'^urd  to, 

4^0, 
(if  ]i.i|iill:i>  of  skin  with  rc^nl 

to.  424. 
tlii'  Iniii.l  ;in  n-ian  rif,  708. 
nin<]ilii'Li1ioTis  of,  "t^b. 
a  uiiiiUt:^jili"ii  iif  ''uinmon  senia- 

li.'ii,  ('2\.  706. 
fij liil  i>i;;liiis  -l,  707. 

pllli|l'i'tiAi'  -M'EI^UlOEIS  of,  7'2- 

llii'  IniiL;"!'  Jin  iiijjHU  lif,  704. 
Touch -c  (II  |.iimIi>s,  423,  471. 
'J'rai.']ic.i,  f  1). 

ilriii  tiiic  of,  ]fiS, 
'J^ijii'ls  of  iiii-iluUii  ohhinpitjv,  5^- 

iif  Tiiiirom  niiiiihi-.mc,  jgS. 

(if  ni'iii.Ll  innl.  490. 
Trai)c.i(Miiihi  Viri;ii]ica,  movements 

in  11  111  of,  JO. 
Tr.iKii-,  ''7[. 
Truii'firi iiit>   of   imi'ressions,   485, 

A'30- 
Tniiii}'hintpil  t-kiii,  si- iisation  111,481. 
Triiii>.[piii  v.ilvi-,  105. 

wili'h--^  jlvi-  ji<:tioii  of,  1 15. 
Trii^^'iiiiual  HI'  hJ'ili  nerve.  543. 

rthi'l,-.  of  iiijiiiy  of,  jSS,  546. 
Tixrlih'jii  is  II' r^'i',  541. 
Trojihic  tiiTvi"..  3SS,  475. 
Tiihi',  Kii-t.irlLi.in,  OS7. 
Tubes,    K.iU.i|iaii.      Sa   F(ilh>]iiaa 
lubis. 

hxijuil,  of  Ifcrlp.  441. 
Tuhuliir'  ;:IiiimIs,  401. 

coiiV"!iii(  J.  40J. 

fijlllfili'.   JOJ, 

of inl.-tillis,  310. 

01  >1,il(j,lill,    2LpS. 

Tiihulr,.  ^.■:„'i,i\  strni-lnre  of,  38. 

Tuhiilj  M'liMiiiifri,  732, 
urtiiifiii,  441. 


Tunic*  dbnginea  of  testicle,  731. 
Tympanum  01  miililta  car,  67^ 

(IcTelopment  of,  773. 

functiODa  of,  683. 

membnoe  of,  673. 

«tructurs  of,  ib. 

use  of  air  in,  685. 
Typei  of  respiratiuu,  19S. 


U. 

Ulcentioa   of  parta  attending  in- 
juries of  nervet,  386, 547,  54S. 
Ulnar  neo'e, 
clFeeta  of  comprrssion  Ot,  479. 
of  division  of,  483. 
Umbilii^  arteriei,  contimctioD  of, 

'3?- 

Tosicle,  745- 
Dnderalaniling,  relation  of  to  i«t- 

hruin,  533. 
Unatripiil  muscular  fibre,  581. 
Uraciius,  749- 
Urate  of  aminoDia,  458. 

ofBoda,  457,  458. 
Cre«,  45'- 

in  blood,  83,  455. 

chi-mioal  comiKnition  of,  453. 

identical  witb   (yuuM    of  im- 
monia,  453- 

propertie*  of,  453. 

quantity  of,  454. 

in  relation  to  tuiucnlar  enitiaa, 
455.  603. 

soarce*  of,  454. 
Ureter,  441. 

arranftcment  0^  447. 
Urethra,  derclopmeiit  (^  7^ 
Uric  acid,  456. 

in  blood,  83. 

condition  in  wbich  It  exiita  in 
mine,  457- 

fonna  in  wluch  it  is  lupantcJ, 
457- 

proportionate  qnantitj  of,  457. 

aource  o^  4^7. 
Urina    '°"g"'"".   potft^    M  obi, 

449- 
UrinaTT  bUdder,  action  of,  447, 
dcTelopment  of^  779. 
evacuation  of^  a  nflexaet,  50^ 
h jpBrirophy  of,  39a. 
regurgtlatioB  from  (T«Tiiitod,447. 


IH2^^3  ''^l 

^^^^H                                              S3t  '    1 

Vtine,  4^46^. 

VaIrM  of  hairt,  ia|,                                ^^H 

untljmtal,  451. 

nclton  if,  ril-19.                                 ^^^| 

.  mnimal  •xlnkctiv*  in,  459. 

iiii'iujiid  iir  mitral,  lOJ.                        ^^H 

clMmk>l  ooiniKititioa  ot  4>0t 
chluria*  in,  MX. 
tolmt  oT,  448. 

Miuilimar,  loS.                                     ^^H 

lriciui|iid,  105,                                      ^^H 

of  IjrinpL&tio  toimIi,  3J3.                    ^^H 

odouriag  milWr  of,  459. 

utvcini,  16&.                                        ^^B 

orcatni  aiid  cnatiBim  in.  460L 

Tolvulic  comrivmtMv  19&                       ^^H 

mtm  in,  461. 

MCMOBOMilon  of  hj  muciM,  459. 

expnUon  of.  44S. 

How  of  Into  iilaJilw,  447. 

Vm  daCarmi,  731.                                    ^^H 

T»M  dTonnti*,  445,  732.                        ^^1 

n«t>.  44S.  73>-                                ^H 

vuoraiii,  134.                                       ^^H 

pm^in.^i. 

VMouUr  trva.  750.                              ^^B 

K      n«i«t«l  proimtim  of.  44S. 
■      Hipptuic  add  ia,  458. 

VoBciilir  ulanils,  410.                                     V 

iLimlopjua  to   (Dcnliog  glrailk              M 

H     nnuiiw  in,  45'^ 

^H 

H     onlio  Mill  in,  463. 

in  rctatmti  to  blood.  414.                     ^^H 

m        lAiMphonu  in,  461. 

tcTcral  office*  ol,  4i5-t8.                      ^^B 

qaaiitit;  wcrfUJ,  450. 

Vinculir  [Mirti,  nulriiion  of,  383.            ^^B 

roacllon  of,  44^ 

•yitom,  danlopniaiil  uf,  763.               ^^B 

mula  *tl[iiliD"  !>;  divt.  449. 

Tiwo-moinr  oemtt  14%.  575.                ^^B 

Mlin*  nmttrrii  in,  460. 

Vuo-niuUir  n«rTo-«ratnv  il6.               ^^B 

B      tMrvlioTi  of.  446. 

NllDcliou  by,  577.                          ^^1 

B          elTiwtB   of   poiCun^    oUl,   on, 

TutTuIuitf,  difpvoa  of,  1J91                     ^^M 

■             447. 

Vegitnblo  mattwa,   atiaorptlon  nf,         ^^H 

■        nt«  of,  it. 

437-                                                           1 
Vegetable  vnUbuiou,  digMtioa  <>r,                ■ 

V     cpcdfic  parity  ot,  449; 

~      •ulpliur  in,  4(0. 

1S4.                                                            1 

urMiii.4jj 

Vpgtiablci  and  uitiual^  iliiliiMtion/i                1 

B      uric  unld  in,  456. 

littwMa,  4.                                        ^^M 

■     TMUtioni  of,  449. 

Vnlni,  too,  167.                                       ^^M 

B         ot  water  in,  4ja. 

atxiorptian  liy,  367.                           ^^B 

■  UtVRU.  716. 

anuilumanB  uf,  1 7 1.                             ^^^| 

H      ohaosra  ot  iduciub  metnbnute  of, 

eirouUtioQ  in,  169.                           ^^B 

■            755' 

coaU  of,  167.                                        ^^B 

■■      oontnctiaiu  aritnitctariM,  139. 

of  cranium,  iSt,                                   ^^B 

"      dcTclapmeiit    of    in   pri-Riiiiin'y, 

eitecl*  of  nuicukr  pconun  rni.        ^^B 

bllinulsf  fslnnil*  iif,  753. 

'7*   .                                                     1 

of  rafplnitioiion,  r74.                               I 

nflei  uti'iu  at,  S06. 

iu  •t««ti]«  tifam*.  iSj.                              1 

*iaip1«  uid  couipoiind  gluDds  uF, 

fDrc«  of  hMit'*  MtioD  rrniainiii,;                J 

754- 

in,  i;o.                                      ^m 

Mnetorcof,  716. 

inOuuncc  ofKrsvitation  in.  169.           ^^H 

^  Utricnltu  of  InliTrinth,  67S. 

musculiir  IdMua  in,  17),                       ^^^| 

B  Crala  in  reUtian  to  voicn,  61S. 

1  liyllimii^Al  uitioii  in,  th                      ^^B 

^k 

hlrartnrc  of,  167.                                  ^^B 

B 

gynUrmic.  lOJ^                                            ^^B 
valvM  of,  l&S.                                      ^^B 

vvWitrof  bloodin.  17;.                     ^^B 

H  Va^na,  Itnlcliire  of,  717. 

Vclurit]r  '>(  bloal  in  iTletiCM,  17$.            ^^^| 

^L  Varies]  TPtnn  of  livFF,  3;iS. 

r»|iiilKriv4.  (63.                           ^^H 

^K^WH  Dcn'D.     Sm  I'lu-nmiigfutrip. 

in  reiD«,  175.                                  ^^^M 

^KTuTt,  UeacDXnl,  iliuauro  ul,  311. 

of  cinulalion.  176.                             ^^^B 

B      of  Tioonuna,  531, 

of  usnroiu  foiM,  47^.                      ^^^M 

^ 

I  ^H 

^^B 

1 

S32                                          rXDEX.                                   ^^B 

H 

Ynm  fxiTlip,  till  iimngcTiKiit,  lOi, 

Vbion,  toatbuud.             ^^^^B 

^^H 

317-    .     , 

ooTpon  <|iiailTlgnKitM  ih*  funw 

^^1 

Veooiw  lilco'l,  rlnmet'ncB.  85-9. 

pil  awv»-on)tm«  oC  S'l- 

^^H 

VcntiUtioii,  nnf nnilr  uf,  >  r*. 

corrpction    of  m1>emli«n,    £4!, 

^^^ 

V««t>iclB,  toiirtli.  of  iiniu,  511,531- 

649. 

^^H 

VcUriek*  o[  hent,  lOl. 

«linTtt«on,  6S3i 

^^1 

•Mpaeily  ot  llS. 

4h«cti««i  of,  656. 

^^1 

contnction  «f,  I  la 

diitction  of  tmy»  in,  Imv  npti 

^^1 

edhet  an  nterira.  144, 149. 

Utod,  643. 

^^^ 

an  dranlAtkoi,  iji. 

dbUnctiiMi  of;  how  Mcnnd,  646 

^^B 

on  tvln\  170. 

doahlr,  £60. 

^^H 

tOnaot.  r>6L 

dunitliin  otfarnntion  in,  6(9. 
Mtimotion  of  tbo  fus  «f  otmcta 

oftDeirnotiooi,  657.       ^^ 

^B 

danloPBifrnt  of,  7^ 
dibUMloa  oi;  lis. 

^^H 

ofkuTilx,  olEn  or,  619- 

H 

?«iilrilia>|nHni,  6<U. 

of  their  «ue.  654.              ^H 
fidd  of,  HM  of,  10.                ^H 

^^H 

Venii!eal*r  movement  of  tntc«tiD«>, 

fool  ilirtMMB  of,  649.           ^H 

^^P 

345- 

f mpklred  faj  Man  of  fifth  I^H 

^H 

\  oniiitom  pmroH^  514. 

54^547- 

^H 

Vtrtelinr,  lUTBlonnifnl  of,  744>7S9- 
Vnu:l«,  Kvmiln«l,  730. 

IIMiinioa  ofalliintioii  on,  6$$ 

^H 

modiAnl  by  iliSrrait  jwta  t^i 

I 

GtuOiii-.  7'S.  718- 

retiDM.  663.                     ^H 

M 

banting  of,  7*3'»S. 

ngan  of,  6j£.    8ns  Ejre.      ^M 

^H 

nnbiUnl,  74$, 

pbenoienu  of,  &t4.               ^| 

H 

VcjiiclMofTdKuUrjflantK  4il- 
VtMcnlA  girminiiiii-n,  720. 

in  qnadtnpoiU,  667.               ^| 

^H 

VmIcu]>  Mmtniilu,  73J. 

iti  CULM,  667-71. 

^H 

ftiiiollaiui  ofi  736. 

rtnMBPM  etunijiil  tar,  64!^^ 

^H 

Kllrx  ninvtJDdiU  of,  505. 

Ti«a«l  dfractton,  65A.           ^H 

^H 

Vpii-:>il«r  iismiiiji  unliManc^  4J3. 

T!U]i«|»cilyofc)Mat,l>Cia.     ■ 

^H 

Vvatibuliiof  Ilia  «ar,  6}4. 

tnotionK,  j;!.                         ^H 
Tilalitj-.    &M!  Ufa.                   H 

^H 

af-ngfuK  717. 

^H 

TibnLioiu^  uunvmnoc  of  to  ftniU- 
tory  noTo,  ^3. 

Vitelline  doet,  745.                ^M 

^H 

memlniKv  719,  740.           ^H 

^H 

psraofilion  ot,  G17, 

■jAeru,  74a                       ^B 

^H 

of  vocal  l^onl■,  617. 

ritdlni.  or  y«lk.  730.    Sit  Ytlk. 

^H 

Viiliui  n«rTc,  sja 

VitiTOiiH  hiinioar,  644. 

^B 
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